WORLD IhrrELLECniAL PROPERTY ORGAhnZAllON 
IntcnuMiaiial Bmtao 




PCX 

INTERNATIONAL APPUCATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) Intemadonal Piitent Ctoiwiflranon ^ : 




(11) InteraatiDiial Pablkatloii Number 


WO 97/S8313 


GOIN 33fSe9, C12Q l/M 


Al 


(43) Intonatloiial Pnblicatioii Date: 


16 October 1997 (16.10.97) 



(21) Intmatlonal AppUcatioa Number: PCT/US97/05586 

(22) Internatloiial FQlng Date: 2 April 1997 (02.04.97) 



(30) Priority Data: 
60/014.929 



5 April 1996 (05.04.96) 



US 



(n)Applksni (far aU designated States except US): THE JOHNS 
HOPIONS UNIVERSITY [USAiS]; School d Medidoe, 
720 Rutland Avenue. Baltimore. MD 21205 (US). 

(72) Inventors; and 

(79 Inyentors/Applkants (far US onfyy. TS*0. Paul. O.. P. 
[US/US]; 9039 FUnow Avenue. Ellicot Gty, MD 21042 
(US). WANO. Zheng4»m [CN/US]; Apartment A6. 8005 
York Road. Towson. MD 21205 (US). LESKO. Stephen. 
A. [US/USJ; 7406 Knolhvood Road, Baltimore. MD 21286 
(US). NELSON. William. G. [USAJS]; 2006 Ridgeocst 
Court, Towson. MD 21204 (US). PARUN, Alan, W. 
iXSSnSSk 7 Hedsefoid Coun. Baltimore. MD 21236 (US). 

(74) Agent: JAY. Jeremy. M^ Leydig. VoU & Mayer. Suite 300. 
700 13di Street. N.W., Washington. DC 20005 (US). 



(81) Designated States: AL. AM, AT. AU. AZ. BA. BE, BG. BR. 
BY. CA, CH, CN, CU. CZ. DE. DK. EE. ES. FI. GB, GE. 
HU. lU IS. JP. Ka KG. KP.KR.KZ.LCLK.LR. LS. 
LT, LU. LV. MD, MG. MK. MN, MW. MX, NO. NZ. PL, 
PT. RO. RU. SD. SE. SG. SI. SK. TI, TM, TO. TT, UA. 
UG. US. UZ. VN, ARIPO patent (GH. KE, LS. MW. SD. 
SZ. UG). Eurasian patent (AM, AZ, BY. KG, KZ. MD. RU. 
TJ. TM). European patent (AT, BE, CH. DK. ES. FI. 
FR. GB. GR. IE. IT. LU. MC. NL, PT. SE). OAPI patent 
(BF. BJ. CP. CG. CI, CM. GA, ON. ML, MR, NE, SN, TD, 
TG). 



Published 

WiA mtemational search report, 

Btfare the expiration pf Ae Hme iinat for amending the 
claitns and to be repiMshed in the event of the receipt of 



(54) Tide: A METHOD OF ENRICHING RARE CELLS 




(57) Abstract 



Ibe inesent invention provides for enriching rare cells in a fluid comprising the rare ceUs and non-rare cells. Examples of nfiMeUs 
enriched inchide prostate cancer odis. 



FOR TBS FVBPOSBS OF MNFORMATION ONLY 



Codes used to Identify Stotes party to tte per on the fi^ 



AL 


Albania 


BS 




AM 


Aimcoia 


FI 




AT 


Anuria 


FR 


ftaocft 


AU 


Atttlialia 


GA 


OaboQ 


AZ 


AmteyHi 


GB 


United Kiosdam 


BA 


Bottia and HcRfigpvfan 


GB 


Oeiasla 


BB 
BE 


Bubadoa 


GB 


Ghana 

Oniim 


BF 


M^Faao 


GR 


Oitece 


BG 


Bolgtfia 


HU 


RQD$aiy 


BJ 


Bcmi 


IB 


irelaDd 


BR 


Bnzfl 


IL 


Ivacl 


BY 


Belana 


IS 


Icdnd 


CA 




IT 


baSy 


CP 


Cintnl AftkaD RepobUc 


JP 




GG 


Coii0> 


KB 


Kenya 


CH 


SwiMfland 


KG 




a 




KP 


Deoaocntic FBOple'a 


CM 






Repd)Bc of Korai 


ON 


Cfafaa 


KR 


RcpubOcof Koiet 


CU 


Qiba 


KB 




cz 


CttckRepobUc 


LC 


StiDtLiida 


D8 




U 




DK 


Demnaik 


LK 


SriLaaka 


BB 




LR 


Ubcfb 



LS . 


Lesocho 


SI 


Slovc&ia 


LT 


UttananSa 


SK 


Slowakia 


LU 


Lncnbouig 


SN 


Seuegal 


LV 


Lahrla 


8Z 




MC 


MOMCO 


TD 


Chad 


MD 


Republic of MoUova 


TC 


Togo 


MG 


Madagascar 


TJ 




MK 


The fanner Yogoatay 


TM 


T\ntonmnian 




RcpobKc of Macedonia 


TR 


Tmtcy 


ML 


Mali 


rr 


Ttinldad and Tobago 


MN 


MoQgolia 


UA 


Ukraine 


MR 


MaBritania 


uo 


Uganda 


MW 


MaM 


us 


UakedSttleaorAnefiGa 


MX 


Mexko 


uz 


. Uibekirtpi 


NB 


Niger 


VN 


VklNan 


NL 


Nedtcrianda 


YU 


Ytagoalivia 


NO 




ZW 


Znbdi'we 


NZ 


New Zealand 






PL 


Potiod 






FT 


Bortngal 






RO 


Romania 






RU 


Rotslas IVidffarion 






SD 
SB 


Sudan 
Sweden 







S6 



W097/383U 



PCTAJS97/05586 



A METHOD OF ENRICHING RARE CELLS 

This application claims tbe benefit of U.S. Provisional Patent V^lication Serial 
No. 60/014.929, fUed April 5, 1996, which is mcoiporated by reference in its entirety. 

TECHNICAL FIELD OF THE INVENTION 
The present invention relates to a method of enriching rare cells in a fluid 
containing a mixture of rare cells and non-rare cells, and particularly to a method of 
enriching rare non-blood cells such as cancer cells, from bodily fluids, such as blood. 

BACKGROUND OF THE INVENTIQN 
There has been a growing interest in enriching rare cells (e.g., for subsequent 
isolation and characterization) over the past several years. This may be attributed at 
least in part to the recognition that rare cells, such as cancer cdls, can provide 
information that is helpful m Ae diagnosis and/or treatment of various medical 
conditions. 

The desire to enrich canc^ cells is based in part on tbe knowledge that a majority 
of cancer deaths occur due to the metastasis of tumors. As sudi, the presence of 
carcinoma cells in the peripheral blood is an indication of cancer cell spread, and 
enriching such cancer cells would be of great diagnostic benefit. This need is 
particularly acute in prostate cancer, whmm a p p rox unately two-thirds of such cancers 
are clinically localized at the tune of diagnosis, but only about half of these prove to be 
confined to the prostate at the time of suigeiy. Thus, nearly one-third to one-half of 
cancers have sptead beyond tbe prostate wten first identified, cancers which could be 
detected at any earto* stage if accurate, highly sensitive enrichment methods were 
available. 

Much of the activity with respect to the early detection of prostate cancer has 
centered around the usefulness of serum prostate specific antigen (PSA). However, PSA 
is organ specific and not cancer specific, aiKi is produced by normal, benign, and 
malignant prostate epitheUum. As a result, the positive predictive value for PSA as a 
screen for prostate caner is genmlly less than SO percent. 
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Additionally, the maximal level of cancer cells in the peripheral blood has beem 
estimated to be two in 10' leukocytes. Fidler, CsassLBe.. 59, 6130 (1990). Thus, 
while studies have suggested that prostate cancer ceUs circulate in the bl^ 

men with advanced disease, it is difficult to detect these few circuktfaig cancer ceUs. 
5 Methods for separating and detecting cancer cells have included, for example, 

using immunomagnetic beads and the polymerase chain reaction (e.g.. Haidingham et 
al. CaffiSERS.. 52. 3455 (1993)). using density gradient gels (e.g.. U.S. Patent No. 
4,255.256). or usmg density gradient centrifagation foUowed by immunological 
s^on to bind the cancer ceUs (e.g.. Griwalz et al.. T Immtilio!. MelhQd^. , 122. 

10 251-265 (1995)). 

These methods have been generaUy unsatisfiuaory as they lack the effid 

sensitivity to separate die few cancer ceUs in a blood sample. Additionally, these 
methods may provide low ceU recovery, since the highly ftagite cancer cells can be 
damaged during the separation process and/or the relatively sticky cancer ceUs can 

15 become inappropriately bound during the separation process. 

For example, conventional' processes utilire "positive selection", wherein a rare 
cell is bound to a binding agent such as an antibody, and the bound rare ceU is separaiw^ 
ftom the non-me cells. Tliereafter. the rare ceU is separated from the antibody by hea 
or other suitable means, which can damage or destroy the rare cell, making it difficult 

20 to detect and/or culDire. Additionally, or alternatively, some processes involve 
concentrating cancer cells by cemrifugation. However, since some cancer cells are 
ftagile and/or tend to stick to surfaces onto which they come into contact, these 
processes can also damage or destroy the rare cells, which is undesirable as described 
above. Furthermore, some processes provide for -fixing" the cells during the scp^ 

25 process, thus rendering them unsuitable for culturing or PCR analysis. 

In view of die foregoing. ti«re exists a need for an efficicm. highly sensitive and 
highly reproducible method for enriching rare cells from a population of cel^^ There 
is also a need for a method that can minfanize damage to diose rare cells that are fra^^ 

and/or sticky. 

30 ThepresemimrentionprovidesforameUoraimgatleastsomeofthedisadvan^ 
ofthepriorart. These and oflier advantages of the present im^ention will be apparent 
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from tbe description as set forth bdow. 

SUMMARY OF THE INVENTION 
The present invention provides a method for enriching rare cells in a fluid 
comprising the rare ceUs (that are preferably rare non-blood cells) and non-rare cells. 

5 An embodiment of the method comprises (a) subjecting the fluid comprising rare cells 
and non-rare cells to density gradi^ separation aiul producing a fluid comprising an 
increased concentration of rare cells; (b) subjecting the fluid having an increased 
concentration of rare cells to an agent that binds non-rare cells; ami (c) removing the 
bound non-rare cells from the fluid so as to enrich the rare cells in the fluid. 

10 Another onbodiment of the method conq>rises (a) subjecting the fhiid to density 

gradirat separation and producing a first fluid conq>rismg an increased coiK:ratration of 
rare cells and a second fluid comprising an increased coiurentration of rare cells; (b) 
subjecting at least one of said first fhiid and said second fluid to an agent that binds non- 
rare cells; and (c) removing the bound non-rare cells from die first and/w the second 

15 fluid so as to enrich the rare cells in the fluid(s). Topically, after the bound non-rare 
cells are removed from die first and/or the second fluids the rare cell-contaming first 
fhiid and second fhiid are combined* 

Embodhnoits of the present invention also provide for further processing the rare 
cells. F6r example* rare cells (such as cancer cells) can be identified and/or cultured. 

20 Dhistratively, in some anbodhnents involvuig identification, specific antigois in and/or 
on the cancer cells can be delected. Additionally, or alternatively, the e;q>ression of 
specific nucleic acids can be detected, and, if desired, chromosomal changes (e.g., 
anraploidy) can be deeded. In one onbodiment, an identification protocol iKhides 
combination staining (involving immunocytodiemistiy staining) and fluorescent in sim 

25 hybridization (FISH). Embodnnents of the invmtion also provide improved methods of 
diagnosis, staging, and monitoring of cancer in a patient. 

The present invention further provides certain nucleic acid sequences suitable as 
probes for cancer cells, particularly prostate cancer cells. The present invention ftutber 
provides compositions comprising die rare cells isolated by the various processes. 
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BRIEF DESCaaPTION OF THE DRAWINGS 
Fig. 1 schematically depicts a density gradient colunm before (on the left) and 
after (on the right) centrifuging a fluid sample (e.g.. blood). Four regions are formed 
after centriftigation: Plasma I, Interface I, Gradient I, and Cell Pellet L Interface I and 
S Gradient I are combined to provide a first fluid inchiding an increased concentration of 
rare cells, referred to below as the Collection I fluid. Plasma I and Pellet I can be 
combmed and centrifuged to form another column having four regions. 

Fig. 2A and 2B schematically dq>ict centriftiging the combined Plasma I and 
Pellet I (from Fig. 1) on a single density gradient cohmm (Fig. 2A) or a double density 

10 gradient column (Fig. 2B). The schmatics illustrate the colunms before (on the left) and 
after (on the right) oentrifugation. Four regions are formed after centrifugadon: Plasma 
n, Interfece Gradient U. and Pellet n. Gradient n and Interface n will be combined 
to provide a second fluid including an increased concentration of rare cells, referred to 
below as the Collection n fluid. 

IS Fig. 3 schematically dq>ict another raibodiment of the invention, wherein a 

double density gradient column can be utilized to form six regions after centrifii^ation. 
The left side of Fig. 3 ilhistrates the double density gradient colunm ami fluid saniple 
(e.g., blood) before centriftigation, and the right side illustrates the cohunn after 
centrifugation. Six regions are fonned after centrifiigation: Plasma, Interface I, 

20 Gradient I, Interface H, Gradient H, and Pellet. Interface I and Gradient I wiU be 
combined to form the Collection I fluid, and Interface II and Gradient II will be 
combined to form the Collection 11 fluid. The Collection I and II fluids each have an 
increased concentration of rare cells. 

Fig. 4 schematically depicts one exemplary embodiment of die negative selection 

25 process of the present mvention. The Collection II fluid is incubated with one or more 
primary antibodies to ttie non-rare cells, e.g., antibodies specific to white blood cell 
and/or red blood cell antigens. The Collection n fluid containing the primary antibodies 
is then incubated with secondary antibodies that are bound to supports sudi as magnetic 
beads. The primary antibodks buid to the non-rare celte, and ttie secondary antibo^ 

30 (that are bound to the beads) bmd to the primary antibodies. Accordingly, the removal 
of the beads from the fluid provides a fluid oridied witt the rare cells, referred to 
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below as tte CoUection m fluid. 

Fig. 5 schematically dq>icts that the Collection I and m fluids, that eadb include 
rare cells, can be combined. If desired, the rare cells can be used for cell culturing 
and/or slide preparation. 

nPTAH CTl np5M^pT10N OF THE PREFERRED EMBODIMENTS 
The present invention provides a sensitive, economical, and reproducible method 
for enriching rare cells in a fluid comprising rare and non-rare cells. In accordance with 
the invention, a fluid comprising rare and non-rare cells is subjected to density gradient 
separation, before producing at least one fluid comprising an increased concratration of 
rare cells. The fluid comprising an increased concentration of rare ceils is subjected to . 
a "negative selection process" comprising contacting the fluid with an agent which binds 
the non-rare cells. The bound non-rare cells are then sq)arated from the fluid, providing 
a fluid enriched with the rare cells. The rare cells can be further processed, e.g., to 
identify, characterize, and/or culture die cells. For exanq>le, tte rare cells can be 
identified and characterized to d^ect one or more types of cancer. Embodimmts of the 
present invention provide for monitoriqg the progress, or regression, of cancer duripg 
or after therapy, and are particularly useful for monitoring prostate cancer in men. 

In an onbodiment, a fluid conpismg rare and non-rare cells is subjected to 
density gradient separation, before producing a first fhiid conqmsing an increased 
concentration of rare cells and a second fluid comprising an increased concentration of 
rare cells. This first fluid and/or second fluid is subjected to the negative selection 
process ccmiprising contacting the fiuid(s) with an agent which binds the non-rare cells. 
The bound non-rare cells are thra separated from the fluid(s), providing die fluid(s) 
enriched with the rare cells. 

Additionally, since onbodiments of the method according to the invention can be 
carried out while minimizing stress to those rare cells that are fragile and/or sticky, the 
rare cells can be recovered essentially unscadied. This is especially desirable, as the live 
recovered rare cells have a variety of uses, e.g., for studies of the whole cell and/or cell 
culturing. Moreover, onbodiments of the method allow different forms of rare cells in 
the same san^le (e.g., "light" and "heavy" rare cells) to be processed differratly, dms 
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allowing a great propoition. if not substantially all, of the rare cells to be recovered, 
while reducing the presence of the non-rare cells in the rare cell-<nriched fluid. 

An embodiment of the invention provides a method for oirichiiig rare cells in a 
fluid sample comprising rare cells and non-rare ceUs, comprising (a) obtaining the 
sample comprising rare ceUs and non-rare ceUs; (b) subjecting the fluid sample to density 
gradient separation and producing a fluid having an increased concentration of rare ceUs; 
(c) subjecting the fluid having an mcreased concentration of rare cells to a binding agent 
tiiat binds non-iare cells; (d) removing the bound non-rare ceUs from the fluid to provide 
a fluid enriched with rare cells. Preferably, the rare cells are cancer cells. In some 
embodiments, the non-rare cells comprise blood cells, i.e.. white blood cells Oeukocytes) 
and/or red blood cells (erythrocytes). 

In one embodiment of the invention, a method for enriching rare non-blood cells 
in a fluid sample comprising rare non-blood cells and non-rare celU, wherem tfw ratio 
of the rare non-blood cells to tiie non-iare cells is at least about 1:100.000. comprises 
(a) obtaining the fluid sample comprising rare non4)lood cells and non-rare cells: (b) 
subjecting tiw fluid sample to density gradient separation and producmg a first fluid (D 
comprising an increased concentration of rare non-blood cells, and a second fluid (H) 
comprising an increased concentration of rare non-blood cells; (c) subjecting at least one 
of said first fluid (1) and said second fluid (0) to a binding agent that binds non-rare 
cells; (d) removing tiie bound non-rare cells from the firet fluid (D and/or ttie second 
fluid OD to provide a first fluid (la) enriched wifli rare non-blood cells and/or a second 
fluid (Da) enriched witii rare non-blood cells. 

In anotiier embodiment, a meti»od for enriching rare non-blood cells in a fluid 
sample comprising rare non-blood cells and non-rare cells, wherein die ratio of the rare 
non4)lood cells to tiie non-rare ceUs is at least about 1:100,000. comprises (a) obtaining 
die fluid sample comprising rare non-blood cells and non-rare cells; (b) subjecting die 
fluid sample to density gradient separation and producing a fluid comprising an increased 
concentration of rare non-blood cells; (c) subjecting tiie fluid comprising an increased 
concentration of rare non-blood ceUs to a binding agent tiiat binds non-rare cells ; (d) 
removing tiie bound non-rare cells from the fluid to provide a fluid enriched witii rare 

non-blood cells. 
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Anotter embodiment according to the invention provides a method for enriching 
cancer cells in a blood ^onple comprising (a) obtaining the blood sample con^rising 
cancer cells; (b) subjecting the blood sanqile to drasity gradient sq)aration and producing 
a first fluid comprising an increased concentration of cancer cells of a first density, and 
5 a second fluid con^rising an increased concentration of cancer cells of a second density, 
wherein the secoixi density is greater than the first density; (c) subjecting said second 
fluid to a binding agent that binds white blood cells and/or red blood cells; (d) removing 
the bound white and/or red blood cells from the second fluid to provide a second fluid 
enriched with the greater density caaccr cells. In some embodiments, the %cond fluid 

10 comprising an increased concentration of cancer cells of a second density is subjected to 
a bmding agent that bmds white blood cells and red blood cells, and the bound blood 
cells, i.e., the white and red blood cells, are removed from the fluid. In one preferred 
embodiment, the cancer cells haviqg different densities are prostate cancer cells. 

Any fluid containing rare and non-rare cells can be processed according to the 

IS invention. Embodnnoits of the invention are suitable for enriching rare cells ui a fluid 
wherein die ratio of rare cells to non-rare cells in the fluid is at least about 1:10,000, and 
are especially suitable for enriching rare cells in a fluid wherein the ratio of rare cells 
to non-rare cells in the fluid is at least about 1:100,000. In accordance with the 
invention, the concentration of rare cells can be mcreased by at least about 10-fold, 

20 preferably, increased by at least about 100-fold, and in scmie embodmmits, increased by 
at least about SOO-fold, as craqiared to the ratk) of rare cells to non-rare cells in the 
original sample. 

The present invention, particularly for some of those embodim^its wherein the 
rare cells to be enrkdied are caiK:er ceUs, is capable of providing relatively high levels 
25 of cancer cell recovery from fluids. For example, recoveries as high as 70% , or more, 
based on the number of cancer cells in a blood sample have been observed. In addition, 
some raibodimrats provide sufficiently highly sensitivi^ to allow one to d^ect at least 
1.5 cancer cells per milliliter of blood (e.g., from a 20 ml blood sample). 

The method of Ae present invention is surprising aiKl unexpected in that it can 
30 provide the fcnegoipg advantages while utilizing "negative selection", i.e., binding the 
non-rare cells, a procedure that is precisely the onx)site of conventional processes, tfiat 
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Utilize "positive selection", i.e., binding tiie m& cells. 

Examples of fluids that can be processed in accordance with the invention include 
bodily fluids, e.g., blood, mine, saliva, lymph, spinal fluid, semen, amniotic fluid, 
cavity fluids, and tissue extracts. 

The rare cells that can be enriched in accordance with the invention inchide a 
variety of cells of therapeutic or diagiK>stic interest, including but not limited to, cancer 
cells. In those embodiments whmin the fluid to be processed conq)ri5es a bodily fluid, 
the rare cells are cells that are present in, or produced by, the body, and are not 
normally present in the bodily fluid. For example, tte rare cells in the fluid can be 
cancer cells, and the non-rare cells can be non-cancer cells. In one embodiment, the rare 
cells are rare non-blood cells, such as, for exanq)le, prostate cancer cells. 

The cancer cells, of course, can comprise a cell from any one of a number of 
diffeient cancers inchiding, but not limited to, those of epithelial origin. The term 
cancer should be further undmtood to encompass localized cancer (e.g., localized in 
tumors), as well as non-localized cancer. In particular, carcinomas of the bladder, brain, 
breast, colon, kidney, liver, hu%, ovary, pancreas, prostrate, rectum, and stomach are 
included, as are tumors in the form of a sarcoma (e.g., a fibrosarcoma or 
rhabdosarconut), a honatopoietic tumor of lynq[>hoid or myeloid lineage, or anotiier 
tumor, including, but not limited to, a melanoma, teratocarcincnna, neuroblastoma, or 
glioma. 

In accordance with the invention, fluids comprising rare and non-rare cells 
are subjected to density gradient separation before carrying out negative selection. This 
is advantageous, particularly for those onbodiments wherein the rare cells are cancer 
cells, since in general (using a bodily fluid sudi as blood for exanq>le), tiie density of 
most cancer cells is less tiian other circulating blood cells, such as nucleated white blood 
cells, due to the fact tbal such cancer cells are much larger, and thus lighter per unit 
mass, than the otiier blood cells. This bemg said, however, some cancer cells are 
heterograous in nature, and certain kinds of cancer cells can have densities that are 
similar to that of nucleated white blood cells. Accordiiigly, as will be described m more 
detail below, some embodiments of the invention include carrying out density gradient 
separation at least twice, and/or using one or more multiple density gradient colunms 
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(i.e., columns having two or more density gradients) to fuither improve the efficiency 
of tiie enrichment process. 

DenyitY QmOlCTt Scparatjpn 

Generally, density gradient sq)aTation processes involve preparing one or more 
layers of gradient media, wherein die density or densities of the gradient media should 
be higher than the density of the rare cells to be separated. Typically, the fluid 
comprising rare cells and non-rare cells is placed onto the upper layer of the gradient 
medium (or uppermost gradient mednmi), the media and the fluid are centrifuged until 
die components of the fluid separate from one another according to their individual 
component densities. 

For example, using Figure 1 for reference, and using a bodily fluid such as blood 
as an illustrative fluid con^xrisipg rare cells and non-rare cells, the contents of the 
centrifuge tube can appear zSler centrifugation as follows: a plasma layer (Plasma I), an 
interfoce layer (InterfiK:e I), a doisity gradient layer (Gradient I), and a cell pellet (PeUet 
I) which resides at Oe bottom of the tube. The interface layer is flanked by the plasma 
layer cm one side, and the dsnsity gradient layer on the other. 

Rare cells that exist in both relatively light and heavy forms (e.g., some cancer 
cells such as prostate cancer cells), will be present in die interface layer, the adjacent 
density gradient layer, and in the cell pellet. Typically, the lighter cancer cells will be 
located in the interface layer and in the gradient layer, while the relatively heavier cancer 
cells will be located m die cell pelltt along with die white and red blood cells. 

In accordance with embodinmts of the invention, one can prepare a first fluid * 
suspension craqirising an increased concentration of the "lighter" rare cells, aiul a 
second fluid suspension comprising an iiK:reased concentration of the "heavier" rare 
cells. This can be advantagecMis, since the rare cells having different characteristics can 
be processed differendy according to the invration to hi4)n>ve rare cell recovery and 
reduce the presence of non-rare cells, while minimizing stress to the more fragile rare 
cells. Illustratively, ti^ suspension conqirising an increased concentration of heavier rare 
cells can be exposed to an agent diat binds the non-rare cells, and the bound non-rare 
cells can be removed. However, the susprasion conqirising an inoeased coiu:entration 
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Of the Ughter nire cells (that may be larger, more fiagUe and/or sticky) need not be 
exposed to the binding agent. 

For example, again using Figure 1 for reference, a first fluid suspension 
comprising an increased concentration of Ughter rare cells can be prepared by removing 
the interface layer (Interface I) and. preferably, the portion of the density gradient layer 
(Gradiem I) adjoining the interface layer, and placing the interface layer and the gradient 
layer in another tabe. Care should be exercised in removing the gradient layer so as not 
to disoub the cell peUet (Pellet 1). Typically, about two-thirds of the adjoinmg gradient 
layer is mnoved. 

TlMacafter. the cells in the new dibe are gently washed with a suitable dUuent. 
such as phosphate buffered saline (PBS), and are then lightly centrifiiged (e.g.. 
ccnlrifiigedataforceofabout200xg). The ceU pellet that results from diis processing 
is then suspended m a sohition to form a first fluid comprising an increased conce^^^ 
of rare cells. Ulustrated as the -Collection I" fluid in Figures 1 and 5. Suitable solutions 
15 for use m forming the Collection I fluid inchide. for example, an albumin sohition. such 
as a 1 wt.% bovine serum albumin solution. The resulting ceU suspension (the 
Collection I fluid), in which the retatively Ught cancer cells predominate, can be used 
for a variety of purposes, e.g.. ceU identification, and/or culturing. as will be discussed 
in greater detail herein, if desired, this fluid can be subjected to a negative selection 
20 process to bind non-rare cclk contained in the fluid, and the bound celb can be remo 

to produce a fluid enriched with rare ceUs. 

In the case of rare cells such as cancer cells that are rehitivcly heavy, or which 
comprise relatively light and heavy cells, a second fluid suspension comprising an 
increased concentration of rare cells (i.e., the relatively heavy cancer cells) can be 
25 prepared. For example, using Figures 1. 2A. and 2B for reference, the plasma layer 
(Phuana I in Figure 1) and the cell pellet (Pellet I m Figure 1). which were not used 

when the relatively light cells were enriched, arc removed and combined in a new mbe . 
as ilhistrated on the lefk in Figures 2A and 2B. This combination of the plasma and the 
pellet inchides the retatively heavy cancer celte as well as red and wWte blood cem^ 
30 SiAsequently.tfus combination is subjected to a density gnuli^ In 
some embodiments, prior to subjecting the combination to tiiis separation process, die 
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density of tte combination is adjusted to conespond to approximate that of the original 
fluid sample. For exanq>le» in those embodiments wherein the original sanqile comprises 
blood, the density of the combination can be adjusted by adding plasma. 

As a result of the separation process* the contrats of the centrifuge tube can, as 
S before, appear as four layers. For example, the right sides of Figures 2A and 2B 
illustrate a plasma layer (Plasma II); an interface layer (Interface II) containing the 
cancer cells as well as some white blood cells and red blood cells, a density gradient 
layer (Gradient II), and a cell pellet at the bottom (Pellet II). 

The interface layer (Interface II) and, preferably, the portion of the density 

10 gradient layer (Gradient II) adjoining the interface layer, are removed and placed into 
a new tube. Thereafter, the cells in the new tube are gently washed with a suitable 
diluent, such as pho^hate buffered saline (PBS), and, typically, are then lightly 
centrifiiged. The cell peUet that results from this processii^ is dien suspended in a 
solution to form a second fluid ootapming an increased concentration of rare cells (as 

15 well as some wtdxc blood cells and red blood ceUs), illustrated as the "Collection II" 
fluid in the right side of Figures 2A, 2B, and in the left side in Figure 4. Suitable 
solutions for use in formii^ the Collection II fhiid inchide an albumin solution, such as 
a 1 wt. % bovine serum albumin sohition. The resultmg cell suspension (the Collection 
n fluid) is typically subjected to a negative selection process as will be described in more 

20 d^l below in the section entitled "negative selection". 

In an alternative onbodhnent, for example, as ilhistrated m Figure 3, a multiple 
density gradient cohmm can be utilized to provide a phirality of interface and gradient 
layers , dUd the impropriate layers can be combined and processed to provide one or more 
fhiids having an increased concentration of rare cells. 

25 For example, an onbodin^ of the gradient cohmm as illustrated in Figure 3 can 

be utilized to provide the Collection I fluid and the Collection II fluid, wherein each fluid 
has an increased concentration of rare ceUs. Illustratively, a bodily fluid such as blood 
can be placed on the upper layer of the gradient column, wherein the upper gradient 
density layer (Gradient I) has a density less than that of the lower layer (Gradient II). 

30 After centrifiigation, the contents of the tube can appear as follows: a plasma layer 
(Plasma), a first interface layer (Interfere I)* a first density gradient layer (Gradiem I). 



11 



wo 97/38313 



PCT/US97/0S586 



10 



a second interface layer (Gfadient 11). a second density gradient layer (Gradient 11). and 
a ceU pellet (Pellet) that resides at die bottom of the tube. 

Typically, some of the lighter rare ceUs wiU be located in the Interfece I and 
Gradient I layers, while some of die heavier rare cells wiU be located in the Inter&ce U 
and Gradient D layers. In one embodiment (again using Figure 3 for reference), the 
Interfece I and Gradient I layers are combined to provide the CoUection I fluid, and the 
Interface H and Gradient U layers are combmed to provide the CoUection D fluid. If 
desired, diluents can be used and/or suspensions can be formed as described above. The 
Collection I fluid and/or the CoUection n fluid can be subjected to a negative selection 
process to bind the non-rare ceUs contained in the fluid(s), and die bound cells can be 
removed to produce fhiid(s) onridied widi rare cells. 

A variety of density gradiem media and protocoU for carrying out density 
gradiem separation are suitable for carrying out die invention. Tims, single and/or 
multiple density cotamns can be used, and any suitable combination of media densities 
15 can be employed. Of course, density gradient separation according to the mvention can 
also be carried out using contimwus and/or discontinuous gradients. Different media and 
protocols can be utilized depending on die fluid to be processed and die cells of interest. 

Density gradient separation can be qaried out any number of times to provide one or 
more fluids having an increased concentration of rare cells. Tlie gradient medmm or 
20 media can also include one or more additives, e.g.. to provide a desired density, or 
viscosity. Alternatively, or additionally, die additive(s) can provide for, for example, 
chimping and/or aggregating of non-rare cells during die density separation process. 

In some embodiments, e.g., for separating relatively dense rare cells, such as, 
for example, dense prostate cancer cells. HCOLL400« is a preferred medhun. The 

25 medium is generally used in combination widi a compound, in solution, of relatively high 
density and ndatively low viscosity, for example sodium metrizoate and sodium 
diatrizoate. 

By way of example, and in some embodiments wherein die fluid comprises blood, 
density gradients containmg ceU aggregating or ctamping agents such as mediylceUulose. 
ISOPAQUF". dextran. and HCOLL" can be used. Bhat. N M. J- Irmm, Medi .. 
158, 277-280 (1993). ISOPAQUF" is a sodhim N-mefliyl-3.5,-diacetamino-2.4.6- 



30 



12 



wo 97/38313 



PCT/US97/0S586 



triiodobenzoate. FICOLL™ (Acairate Chemical and Scientific Cocporation. Westbuiy 
New Yorlc) is a synthetic high polymer made by the copolymerization of sucrose and 
q>ichlorohydrin. These agrats cause eiydirocyte chmiping, and thus can be utilized to 
sq)arate leuko^tes from red blood cells. 

PERCOLL"" (available from Pharmacia) density gradients are also suitable for the 
purposes of the present invention. FBRCOLL^ is a colloidal polyvinyl pyrrolidone 
coated silica having a pH of 8.9±0.3 at 20'*C, a density of 1.13±0.005 g/mL, and a 
viscosity of 10±5 cps at 20**C. 

The following section describes using PERCOLL™ to provide a density gradient 
medium of any suitable density. It should be clear that other media and preparation 
protocols are also suitable, and can be readily determined by one of ordinaiy skill in the 
art. A stock solution of PERCOLL™ is prepared by combining the following ingredients: 
90 mL of PERCOLL"*, 9 mL of lOx Hank's Balanced Salt Solution (HBSS without 
calchmi, magnesram, and phenol red), 1 mL of HEPES buffer (pH of 7.3)» and 0.4 mL 
oflMHCl. The resultiqg solution has a pH of 7.4. Media haviiig various illustrative 
drasities can be obtained as follows. A medium having a density of L070 g/mL can be 
obtained by mixixig 24 volumes of the PBICOLL™ stock solution and 20 volumes of Ix 
HBSS. A medium having a density of L079 g/mL can be obtained by nuxing 27 
vohunes of the PERCOLL™ stock sohition and 15.9 vohimes of Ix HBSS. A medium 
having a density of 1.088 g/mL can be obtained by mixing 23 vohunes of the 
PERCOLL™ stock sohition and 10 volumes of Ix HBSS. 

It may be advantageous to dihue the fluid conqirismg rare cells and non-rare cells 
with a suitable diluent prior to placing it on the density gradient cohunn, particulariy for 
those onbodiments wherein the fluid comprises blood. Az^ suitable dih^ known to 
those of ordinary skill in the art can be employed. Examples of such diluents include 
buffers, e.g., physiological buffers such as Tris buffer, phosphate buffer, citrate buffer, 
and pho^hate buffered saline (PBS), and salt solutions, e.g., commercially available 
balanced salt sohitions such as Hanks balanced salt solution (HBSS), Eari*s balanced salt 
sohition, Gey's balanced salt sohition, and the like. PBS is a preferred dihimt for 
diluting blood. 

The fluid can be dihited with the aforesaid diluent to any desired ratio. 
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Typically, however, in dM>se embodiments wherein the fluid is a blood san4>le, it is 
diluted in a vohmie ratio of firom about 0. 1 to about 10 (blood:diluent). advantageously 
in a volume ratio of from about O.Sr to about 5 (blood:diluent), and preferably in a 
volume ratio of firom about 1 to about 2 (blood:dihient). 

After the fluid sample is placed on the column, the column and the sample are 
centrifiiged. Centrifugaiion wUl typically be performed in any suitable centrifuge, and 
at a suitable force and for a suitable length of time, so that the lighter rare cells are 
separated from the heavier non-rare cells and other material. In some embodiments, the 
force of centrifuging should generally range from a force of from about 300xg to about 
fiOOxg, preferably, from about 350xg to about 45teg. Of course, in other embodiments, 
the centrifiige can operate at a higher force, or a lower force, than described above. 

Centrifiigation can be carried out to ai^ suitable lei«th of tune. In some 
embodiments, centrifiigation is carried out for about 1 minute to about 60 minutes, 
advantageously for about 10 minutes to about 50 minutes, and preferably for about 20 
minutes to about 40 minates. In the case where blood is the fhiid being processed, the 
centrifuging is preferably carried out for a period of about 30 minutes at a force of about 
400xg. 

Although those skilled in the art will be able to determine the appropriate 
densities, in the specific case of enrichmg prostate cancer ceUs in blood, the gradient 
medium (gel) should have a density of no less than about 1.06 g/mL, more preferably 
no less than about 1.068 g/mL. In one embodiment involving the enrichment of prostate 
cancer cells, and utilizing a double density gradient, the double gradient should inchide 
layers having a density ranging from about 1.06 g/ml to about 1.10 g/ml, with about 
1.077 g/ml to about 1.083 g/ml being preferred. 

Embodiment of the method of the present invention encompass die enrichment of 
many types of cancer ceUs ttjat can circulate in a fluid such as blood. For example, as 
described below, cells from tfje classical Hepatoma Gj cell lines were cultured and put 
into normal human blood in known numbers. These samples were centrifiiged in various 
density gradients. The density gradient having a density of 1.068 g/mL was found to be 
the gradient layer from which 80% of added hepatoma cells were recovered. The 
hepatoma cells also were found to be very sticky and fragUe. It is believed that these 
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hepatoma cells have a snnilar density to the prostate cancer cells of the LiiCaP line. 
Negative Selection 

As noted earlier, the negative selection process comprises subjecting a fluid 
conq>rising rare cells and non-rare cells to an agent that biiKls non-rare cells, and 
S rraioving the bound non-rare cells from the fluid. The renK)val of the bound non-rare 
cells provides a rare cell-enriched fluid. 

For example, the Collection U fluid as described in any of the embodiments 
above can omiprise the heavier rare cells, as well as some non-rare cells that may have 
similar densities (e.g., some white blood cells and red blood cells). Accordingly, tiie 

10 Collection 11 fluid can be subjected to an agent that binds these non-rare cells. The 
removal of the bound non-rare cells provides a rare cell-enriched fltiid, represented as 
the "Collection in" fluid in Figure S. 

In accordance with embodiments of die invendon, the agent that binds to the 
non-rare cells ^ically comimses one or more andbodies, preferably monoclonal 

IS antibodies, that specifically bmd to the non-rare cells. A variety of antibodies are 
suitable for cany ing out fbt mvention, and they can be derived from any suitable source. 
For example, in some embodunents, e.g., wherein the fluid comprising rare cells and 
non-rare cells includes blood cells, suitable binding agents inchide antibodies that 
q>ecifically bind to one or more normal white blood cell surfiace antigens and/or red 

20 blood cell surface antigens. Altmiatively, or additionally, the bindixig agent can 
comprise, for exanq>le, anti-hunian antibodies, e.g., that qiecifically bind to human 
normal ^te blood cells and/or human red blood cells. 

The negative selection process encon^>asses both "direct" and "indirect" 
protocols. For example, one example of a direct negative selection process includes 

25 utilizing an antibody bound to a su{^rt wherein the antibody binds to a non-rare cell. 
An exan^)le of an indirect negative selection process includes using a "primary" antibody 
to bind to the non-rare cell, and a "seoMKlary" antibody (that is bound to a support) to 
bind to the "primary" antibody. Preferably, the primaiy and secondary antibodies are 
from different species of anhnals. A variety of primary and secondary antibodies are 

30 suitable, and are conunerciaUy available. 
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The use of a siq)port (e.g., a particle sudi as a bead, more preferably a 
microbead) is desirable, since it allows the aotibody-noxi-rare cell combination or the 
secondary antibody-primaiy antibody-non-rare cell combination to be nx)re readily 
removed from the fluid. Microbeads, which are well-known in the art. can be made of 
5 any suitable material, inchiding plastic and magnetic materials, with magnetic microbeads 
being preferred, and superparamagnetic microbeads being even more preferred. A 
variety of suitable supports, particularly particles such as microbeads (with or without 
antibodies bound thereto) are commercially available. Any separation method and 
system known to those of ordinary skill in the art that is capable of ronoving the support 

10 (e.g., the particles) from the fluid can be utilized. 

In one onbodiment of a direct negative selection process, a fluid comprisu^ an 
increased concentration of rare cells (e.g., tiie Collection n fluid), is contacted with a 
mixture of anti-human antibodies bound to sqiport particles. The fluid thus produced 
is then incubated at a suitable temperature and for a suitable period of time so as to 

IS effect substantially complete binding of the antibodies to the non-rare cells. While the 
temperature and tune of incubation will vary, \bt incubation is preferably carried out at 
a subambient tenq)erature, and more preferably at about 4*C, for a period of from about 
5 mmutes to 60 nunutes, and preferably for a period of from about 10 minutes to about 
SO minutes. 

20 During the incubation, the antibody/support particles and the cells are preferably 

gentiy mixed, e.g.. by using a suitable mixing or shaking device. The siq)port 
particles/antibodies, that now have non-rare cells boimd to the antibodies, are separated 
from tiie fluid as is known in tiie art. lUustratively, in some embodiments wherein the 
support particles are paramagnetic microbeads, the separation can be carried out using 

2S a magnetic particle coiK:entrator. Suitable concentrators are commercially available, 
e.g., from Dynal, Inc. (Lake Success, N.Y.). 

In an embodiment of an indirect negative selection process, a fluid comprismg an 
increased concratratim of rare cells (e.g., the Collection n fluid), is cmitacted with a 
mixture of primary antibodies, e.g., anti-human antibodies. These primary antibodies 

30 are not bound to su^rts. The resdting niixture can tiien incubated as described above 
for the dnect mettKxi. Thereafter, the fluid is contacted wiA secondary antibodies which 
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aie bound to support paiticles. These secondaiy antibodies are selected so as to be 
specific to the primaiy antibodies. The siqypoit paiticles/secondaiy antibodies, that now 
also have primaiy antibodies/non-rare cells bound thereto, can be separated from the 
fluid as described above widi respect to the direct negative selection process, e.g., by 
S using a magnetic particle concoitrator. 

As noted above, in some embodiments, die use of superparamagnetic particles is 
preferred. Exemplary sup^paramagnetic microbeads have a magnetic susceptibility of 
fix)m about 10"' cgs units to about 10"' cgs units, and preferably from about 8x10^ cgs 
units to about lO*^ cgs units. One embodiment involving the use of a magnetic particle 

10 concentrator to separate the paramagnetic (or superparamagnetic) particles from the fluid 
can be described as follows. When tite fluid is placed within the magnetic fleld 
generated by magnetic particle concentrator, the paramagnetic particles are attracted to 
and held close to the wall of the tube in proximity to die magnet of die magnetic particle 
concentrator, fvoviding for the separation of the non-rare cells (bound to the 

IS paramagnetic particles) from the rare cells (diat are unbound). The rare cells enriched 
accordiiig to this anbodimnt are substantially free of contamination by non-rare cells. 
For example, in the case of the separation of cancer cells from blood, it was found that 
the cancer cells could be almost conq>lete]y sq>arated from nucleated white blood cells. 
This can be advantageous because nucleated white blood cells, if present, can interfere 

20 with cell identification, particulariy for some of the onbodiments wherein polymerase 
chain reaction (PGR) m^iods are used. 

For some of the embodmmts wherein die fluid comprisiiig rare cells and 
non-rare cells is blood, it may be desirable to use antibodies that bind to white blood 
cells (Inkocytes) and/or red blood cells (erythrocytes). Examples of suitable leukocyte 

25 antibodies include the human and anti-human leukocyte CD antibodies, e.g. , CD2, CD3, 
CD4, CDS, CD7, CDS, CDUa. CDllb, CDUc, CD14, CDIS, CD16, C3)19, CD20, 
CD28, CD36. CD42a, CD43, CD44, CD4S, CD4SR, CD4SRA, CD45RB, CD45RO, 
CDS7, and CD61 antibodies, and die like. Antibodies targ^ to human CMS, CD3, 
CD19, CD14, aiKi CD36 are preferred. For example, when an CD45 specific antibody 

30 is used, it recognizes the CD4S l^ocyte common antigen (LCA) family which is 
comprised of at least four isoforms of membrane glycoproteins (220, 20S, 190, 180 kD) 
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present on cells of the leukocyte lineage. Of course, human and anti-human red blood 
cell antibodies can also be inchided. 

By way of example of a direct negative separation embodiment, the rare 
ceU-containing fluid can be contacted with a mixture of anti-human CD45, anti-human 
CD19. anti-human CD14, and anti-human CD3 antibodies (e.g.. a mixture of mouse 
anti-human CD45 IgG, mouse anti-human CD19 IgG, mouse anti-human CD14 IgG, and 
mouse anti-human CD3 IgG antibodies) . OptionaUy , a suhable anti-human red blood cell 
antibody (e.g., glyaq)horin A) can also be included in the antibody mixture. In one 
embodiment, the antibodies are bound to magnetic particles before exposmg the mixture 
to the rare ceU-containing fluid, and the particles are removed from the fluid using a 
ma^ietic particle concoitrator as described above. 

By way of exanq)le of an indirect negative separation embodiment, wtere a 
mouse anti-human CD45 IgG antibody is used as the primary antibody, the secondary 
antibody would be anti-mouse IgG antibody. The secondary antibodies can be bound lo 
particles before use, and removed ftom the rare ceU-containing fluid, as described above. 

In accordance with an embodiment of the invention, a kit for the enrichment of 
cancer cells from blood is provided, comprismg at least first and second gradiem dens^ 

media, wherein the first gradient density medhnn has a density of at least about 1.067 
g/mL, and the second gradient density medhim has a density of at least about 1.077 
g/mL, wherein the kit further comprises support particles, and at least one antibody 
capable of binding to a cell surface antigen of a cell that is more dense than the cancer 
cell. In a more prefened embodiment, the first gradient density medium has a density 
of aboutl .068 g/mL to about 1 .077 g/mL. and the second medwm has a density of from 
about 1.077 g/mL to about 1.085 g/mL. 

In other embodhnents of kits according to the invention, the kit can inchide one 
or more nucleic acid probes (described below in the section entiUed •Rirther Processing 
of the Enriched Rare Cells") and/or one or more antibodies. If desired, such kits can 
also include one or more gradimt densitymedia. 

Further Pioce> «»inff nf the Enriched Rare OIU 

As noted earlier, a fhiid comprising rare cells and non-tare ccUs can be processed 
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to provide a plurality of fluids, each having an increased concemration of rare cells. 
One or more of the fluids having an increased concentration of rare cells can be 
subjected to a binding agent to bind the non-rare cells, to provide one or more rare 
cell-enriched fluids. If desired, the fluids can be combined. For exanq)le. two rare 
5 cell-enriched fluids can be combined, or a rare cell-enriched fluid can be combined with 
a fluid that has an increased concentration of rare cells, but was not subjected to a 
binding agent. 

&nbodiment5 of the invention provide one or more rare blood cell enriched fluids 
that are suitable for a variety of purposes. 

10 Embodiments of the method according to the present invention also provide for 

processing or usmg the enriched rare cells, e.g. , to identify, characterize, and/or culture 
the rare cells. Additionally, the method provides for diagnosiqg cancer, particulariy 
prostate cancer in men, and also allows monitoring the progress, or regression, of 
cancer, particularly during or after ttierapy. 

IS The present invration further provides a m^od of identifyii^ canc^ cells in a 

patient's blood comprising enriching the cancer cells from the patirat's blood by any of 
the methods set forth above, and identifying die cells using any suitable protocol and 
system. 

Embodiments of the present myention also provide for prqyariqg a therapeutic 
20 product, including, but not lunited to, a vaccme. 

The cells can be prepared (e.g., for identification, characterization* and/or 
culturing) by any suitable procedure. Typically, an embodiment of the m^hod for 
identifying and/or characterizing tte rare cells includes pr^aring a suq)ension including 
the enriched cells, transferring the su^nsicm of cells to a microscope slide (e.g., to 
25 prepare a smear), and examining the anear ming a Ughtniicroscop^ In the direa smear 
procedure, it is preferred to avoid packing the cancer cells down through a centrifugal 
force or redi^buting these packed cells by mechanical means. 

On the other hand, if the cells are gently sedimented or centrifuged down, and 
after the supernatant is carefully removed, the loosely sedimented cells can be 
30 resu^nded by a small vohune of liquid (about 1-10 ^U), and then be directly transferred 
onto a slide (e.g. , for identification) or onto a growth medium (e.g. , for culturing). One 
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protocol for transf eiring the cells onto a slide indodes fesuspending the scdimented cells 
in BSA solution, and cytospinning the cells onto the slide, e.g. , by usmg a commercially 
avaUable Megafunner" large vohime sample chamber (Sbandon). 

If desired, the scdimented cells can be fixed by addition of a fixative (such as 
ethanol). thus rendering the cells more damage-resistant. This can be advantageous, as 
the fixed ceUs can be readily transferred to the sUde. However, sfaice the cells are fixed, 
they cannot be cultured or used for PGR sQidies. 

If desired, a machine collection procedure for preparing cells for identification 
can avoid exposing the ceUs to the stresses of centrifiigation. For example, the few 
cancer cells in sohition can be advantageously collected from the suspension and 
deposited on a membrane while creating gentte suction. The liquid wUl pass through the 
poresof the membrane, and the cells wiU be coUected on the membrane. Thcsecells 
are then transferred to the slide by putting the cell-containmg surfece of the membrane 
onto the slide. 

A variety of techniques are suitable for identifying and/or characterizing the rare 
cells. Additionally, embodiments of the tavention can include identifying and/or 
characterizmg a pluraUty of types of rare cells, e.g., different cancer cell types, in a 

single sample. Suitable techniques include, for example, immunocytochemical staining 
with monoclonal antibodies, nucleic acid hybridization (inchiding in sini hybridization) 
and polymerase Cham reaction (PGR) studies. The technique can inctade utilizing a 

"cocktail" of antibodies and/or probes. 

nhistratively, in some embodiments wherein die rare cells are cells of epithelial 
origin, e.g., prostate cancer cells, they can be identified by imraunocytochemically 
staining ttiem with monoclonal amibodies that specifically bind to, for example, PSA 
(prostate specific antigen), PSMA (prostate specific membrane antigen), PSAP (prostate 
specific acid phosphatase), cytokeratin protem, or albumin. Although PSA is widely 
used for identification of prostatic cells' activities, there are certain prostate cells which 
secrete little or no PSA. Therefore, in some embodiments it may be desirable to 
alternatively, or additionally, use antibodies that specifically bind to PSMA. 

Of course, rare cells can also be identified and/or characterized using nucleic acW 

hybridization piotocols. For example, in some embodiments wherein the rare ceU is a 
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liver cancer cell, suitable nucleic acid probes include oligomeric probes that specifically 
bind to seium albumin mRNA and a-fetoprotein mRNA, for exaniple. Alternatively, in 
some embodiments whnein the rare cell is a prostate cancer cell, suitable probes include 
diose specific for, for exanq)le, PSA. PSMA, chromosome 7, chromosome 8, and/or 
chromosome 18. As noted above, there are certain prostate cells which secrete little or 
no PSA. Thus, probing for I^A may be less sensitive than probing for PSMA. 

Ilhistiative probes tfut are specific for mRNA encoding PSA, for mRNA 
encoding PSMA, and for the cmtromeiic legiocs of duomosomes 7, 8, and/or 18, are 
described in more dmil below. These probes are particularly suitable for in situ 
hybridization. 

Rq>resentative probes that are specific for PSMA (prostate qsecific membrane 
antigen) mRNA include: 

SEQ. ID. No. 1: TGGCTGTGCG CTGGGGCGCT GGTGCTGGCG 
GGTGGCTTCT TTCTCCTCGG CTTCCTCTTC GGGTGGTTTA TA. 

SEQ. ID. No. 2: AGTGTCTATG AAACATATGA GTTGGTGGAA 
AAGTITTATG ATCCAATGTT, and 

SEQ ID. No. 6: GTGTTTGAGC TAGCCAATTC CATAGTGCTC 
CCTTTTGATT GTCGAGATTA. 

Rq)resentative probes that are specific for PSA Q>rostate specific antigen) mRNA 
include: 

SEQ ID. No. 3: GGTCCTCACA GCTGCCCACT GCATCAGGAA 
CAAAAGCGTG ATCITGCTGG GTCGGCACAG, 

SEQ ID. No. 4: CGCTGGACAG GGGGCAAAAG CACCTGCTCG 
GGTGATTCTG GGGGCCCACT TGTCTGTAAT. 

. SEQ ID. No. 7: TCTTCCTCAC CCTGTCCGTG ACGTGGATTG 
GTGCTGCACC CCTCATCCTG TCTCGGATTG. and 

SEQ ID. No. 8: CAGGCTGGGG CAGCATTGAA CCAGAGGAGT 
TCTTGACCCC AAAGAAACTT CAGTGTGTGG. 

Representative probes fbat are specific for the rqi^tive sequences in cmtromeric 
regions of chromosomes 7, 8 and 18 include: 

SEQ ID. No. 5: GCTGTGGCAT TTTCAGGTGG AGATTTCAAG 
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CGATTTGAGG ACAATTGCAG (chromosome 7). 

The probes for the cemromcfes can be used to detennine the mmiber of 
chromosomes in the ceUs, e.g.. to detennine aneuploidy. For example ttie probes for 
the centromere of chromosome 7 can be used to count the number of chromosome 7's 
in the cell. The normal cell should be diploid, and thus exhibit two stained probe 
•dots". Deviation from the diploid state (i.e.. 1. 3. 4 or a greater number of 
chromosome 7's) would indicate aneuploidy or an abnormal number of chromosomes 
which is a very strong indication of a cancerous/neoplastic state. 

A suitable probe for the chromosOTie 8 centromCTe can be obtained conunercially. 

for example, ftom Vysis, Inc. (Downers Grove, IL). 

A suitable probe for the chromosome 18 centromere is SEQ ID. No. 9: 
GTACTCACAC TAAGAGAATF GAACCACCGT. Meyne ct al. in MsftOdaJfl 
Mntet^lar Biologv. 33i i« fiita Hybridization Protocols. Choo. H. K. (ed.). 63-74 
(1994). This sequence can be converted to a longer sequence. For example, it can be 
converted to SEQ. ID No. 10: ATGTGTGTAC TCACACTAAG AGAATTGAAC 
CACCGnrro AA. Although a sequence length of about 20 to about 60 nucleotides 

can be used, a preferred length is 42. 

Of course, rare cells can also be identified by polymerase chain reaction (PGR) 

techniques. Any PCR technique and suitable probe(s) known to those of ordinary sidll 

in the art can be employed. 

The present mvention further provides a method of identifying cancer ceHs fai a 
patient's blood comprising enriching the cancer cells from the patient's blood by any of 
the methods set forth above, and subjecting the cells to m sito hybridization, including 
Fluorescent In Situ Hybridization (HSH). Suhable probes include those described 
above. Additionally, exemplary in situ hybridization protocohs and pnrtjes used therein 
can be found in, for example, Meyne et al. in Method^ pn MQlgcuH^T BiffloRV . Vol. 33. 

as referenced above. 

mustiatively, die FISH probes can be synthesized with deoxyribose nucleotidyl 
units, or 2'-0- mefliylribosyl nucleotidyl units, or the nonionic analogs consisting of 
methyphosphonatBbacld)oneorphosphorothiolatenucleotidylbacld)one. Suitableprobes 
inchideoUgodeoxyribonucleotide probes, andpteferably those labelled with a fluorescent 
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residue. Any suitable fluorescent residue can be employed. Thus, fluorescent dyes such 
as fluorescem (green), cy3 (red), cy5 (fer red), eft (infrared), and Texas red can be the 
labels. Dual and triple m situ hybridization also can be carried out by using a 
combination of mRNA and centromere probes (differentially labeled) under the 
5 conditions described above. After a high stringency wash, the nuclei of the cells can be 
counterstained with a fluorescent DNA stain such as DAPI (diamidino phenylindoie) or 
PI (propidium iodide). The stained cells can be analyzed for speciflc mRNA and 
anraploidy using any suitable fluorescence microscope. Suitable systems and protocols 
including the use of a fluorescent microscope include those described in, for example, 
10 Callahan, et al. Cytometry 13, 453-461 (1992), and Lesko et al. Exp. Cell Res. 219 . 
499-506 (1995). 

One alternate procedure for assaying an^loidy in cancer cell nuclei is to first 
conduct specific mmmnocytochemical staining (for example, by staining PSA, PSMA, 
PSAP, or albumin) and crosslinkiis the antibodies and antigens, followed by in situ 
15 hyteidization with fluorescently labelled centromere probes. 

One procedure for detectii^g q[)ithelioid cancer cells inchides specific 
immunocytochemical staining (e.g., by (^keratonal protein antibodies that ^>ecifically 
bind to cytokeratin protein expressed by the cells), then postfixation and/or crosslinking 
the antibodies and antig^, followed t»y m situ l^bridization for the detection of specific 
20 mRNA and chromosome aneiq)loidy. 

In order to carry out FISH, the slides should be cleaned prior to placing die cells 
on diem, by immersh^ in a dihite hydroddoric acid sohition, e.g., O.IN HCl, at room 
temperatureforabout20ni]nutesfbrdenatunaionof any DNAandRNAres^ Tte 
HCl solution should contain 0.1% Triton XlOO surfactant. The slides are then rinsed 
25 widiPBS. 

The rare cells, e.g., cancer cells, can be loaded on the slides by any suitable 
procedure as preyiously discussed. The slides are then dehydrated by immersing 
sequendally in 75% edumol, 85% edianol, and 95% edianol, for a period of about 2 
minutes for each ediaiK>l immersicm. 
30 An exenq>lary HSH cocktail inchides 200 i^g of each PSMA and PSA probes as 

well as 250 ng of chromosome 7 centromere probe, 10 fd of in situ hybridization buffer 
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^% fonnamide 4 x SSC for oligomere probes, and 50% fonnamide and 1 x SSC for 
commeicial probes) aie added to die slide. The cells are then covoed witfi a cover slip, 
and the edges of the slide are surrounded by rubber cement and sealed. The slide should 
be kept in the oven (e.g.. at 80' C for about 5 minutes) for denaturation and then 
incubated, e.g., at 42"* C for about 3 hours. The cells are then washed, e.g., with 1 x 
SSC, 65" C for about 10 mfanites. The cells are subsequently stained by a suitable dye, 
such as. for example, diamidino phenylindole (DAPI). and then examined under a 

suitable microscope. 

Embodfanoits of die present invration fiirdier mchide culturing rare ceUs. For 
example, rare cells such as cancer cells can be enriched as described above, and 
subsequently placed in contact with a suitable growth medium. Typically, m order to 
cany out culturing Ae cells, die cells are loaded onto a sterile membrane filter. 

Any suitable membrane filter known to those of ordinary skill in the art can be 
enqiloyed. Exanqiles of suitable membranes indwte microporous monbranes. The 
manlxanes can have any suitable pore size, preferably a pore size of from about 0.2 /un 
to about 15 fan, and more preferably 15 /im. Examples of suitable microporous 
membranes inchide nylon 6, nylon 46. nyton 66, and nitrocelhilose membranes. Suitable 
membranes are commercially available. 

The cells are not "fixed" prior to loading onto fbe membrane. The membrane 
with the cells loaded onto it is then typically placed in a collagen coated petri dish 
containing a growth medhim with the cells being in contact with the collagen coated 
surface. Any suitable growth medmm known to flwse of ordinary skill in die art can be 
employed. An example of a growtii medium is PFMR-4A supplemented with 1 % serum 
^AAH^^r^^t f^rtnri, (IWM I ftf TissuB Cutaire Mcthods . 9. 53-60 (1985)). Examples 
of otfier suitable growfli media include RPMI 1640, Goon's F12, Dulbecco's Modified 
Eagle Medium. McCoy's Medium, and die like. 

The cell gcowdi can be monittned by a suitable mediod known to those of 
oidinary skill in die art. For example, prostate cancer cell growdi can be monitored by 
analyzmg for PSA seciedon mto die culture medhim widi an Enzyme Linked. 
Immunosorbent Assay (ELBA), and liver cell growdi can be monitored widi an ELISA 
by assaying die secr^on of albumm or a-fetoproiein. 
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The cultured cells have a variety of addhioiial uses. For example, the cells can 
be used to provide a thenq)eutic product, iocludiiig, but not limited to, a vaccine. 

The present invention furtter provides a method of diagnosing cancer, particularly 
prostate cancer in men, the method conq>rising enriching and identifying the cancer cells 
from the blood of the patient as described above 

The present invention further provides an improved method of staging cancer in 
human beings, particularly a method of staging prostatic cancer in men. For example, 
in one embodiment, the blood of a suspected cancer patient is processed as described 
above to enrich the prostate cancer cells (if pre^nt). An enhaiK:ed reverse tran^riptase 
(RT) polymerase cham reaction (PGR) assay utilizing oligonucleotide primers is then 
carried out. SiiK:e tte present mventive method is highly efficient in enriching cells and 
embodiments are capable of detecting 1 cancer cell in 6 million cells, the method of the 
present invention is significantly more sensitive than the methods rq)orted in the 
literature, which are said to be capable of detecthig one PSA-producing cell m 100,600 
lymphocytes (Katz et al., I2o2lfiSX» 42. 765-775 (1994)) and 1 in 1 miUion cells (Israeli 
et al.. Cancer Research, 6306-6310 (1994)). In addition, the present method 
identifies PSA-syndiesizing canc^ cells, as well as non-PSA-synthesizipg cancer cells, 
such as PSMA-synthesizing cells. 

The present invention further provides a method of monitoring the progress, or 
regression, of cancer during or after tiberapy, and finds particular use with respect to 
prostate cancer in men. The method comprises taking rq)eated blood sanq^les over time 
and enriching, isolating, and subsequently identifying the cancer cells (if present) from 
the blood of a patient suspected of having canc^ as described above, finbodimmt of 
the present invention, m view of dieir ohanced senshivity, are particularly useful m 
monitoring the cfRcacy of various cancer treatments by isolating and detectmg cancer 
cells in the patient's blood stream. 

The following examples further iUustrate the present invention but, of course, 
should not be construed as in any way limiting its scope. In all of the following 
examples, the enriched cells are identified using an automated Zeiss Axiovert 35 
epifluorescent microscope equipped with a cooled charge coupled device (CCD) camera 
and filter cubes which will allow additional diffiercntial detection of fhiorescem cy3, cy5. 
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and cy7 fluorescent Signals. The camera has a computer contfoUed The 
computer also controls the movement of the slide stage of the microscope. 

Tlie microscope is put in automated mode and multiple wavdengdi exposures are 
taken. The images aie downloaded to Ae computer via an A to D converter. The 

computer processes and records the images in digital form. 

EXAMPLE 1 

Ttus example ilhistrates the density measurements of prostatic cancer cells and 
hepatoma celb. e.g.. to improve the efficiency in selecting suitable density gradient 
iMdia for the practice of the present invemion. The density of the cancer cells « 
ineasured in a density gradient cohmm by determining the percent recovery of the cancer 
cells at the taterfiu* of the culture medium and the gradient medhnn. 

A stock solution of PERCOLL" (Sigma Caiemical Co.. St. Louis. MO) is 
prepared by adding 9 parts of PERCOUL«to 1 pan (V/V) of 1.5 M NaCl solution. The 
osmohdity of the PERCOLL" solution is adjusted with physiological saline. Fmal 
adjustmem to the required osmolality can be made by adding 
THe density of Ae stock PERCOLL" sotation can be calculated from the foUowmg 
formulas: 

wherein 

Vx » Vohmie of diluting medhim (ml) 

Vo = Vohmie of PERCOLL" (ml) 

Po = density of PERCWLL" (1.130 ± 0.005 g/ml) 

PIO = density of 1.5M NaQ = 1.058 g/nd 

of 2.5 M sucrose = 1.316 g/ml 
PI = density of stock sohjtion produced (g/ml) 
Tims, for stockPERCOLL«insalinePl=1.123 g/ml. and for stock PERCOIi- 

in sucrose PI = 1.149 g/ml. 

Sohitions of stock PERCOLL- can be dUuted to lower densities by diluting with 
0.15M saline (density = 1.008 g/ml) for ceU isolation. The foUowing formula can be 
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used to calculate the volumes required to obtain a solution of the desired densi^. 

IP'Py) 



wherein 

Vy = Volume of diluting medium (ml) 

Vi = Volume of stock PERCOLL^ (ml) 

5 PI = density of stock solution (g/ml) 

Py = density of diluting medium (g/ml) 

P = density of diluted solution produced (g/ml) 



Table 1. The preparation of several densities of PERCOLL™ solution for the 
measurement of cancer cell densities. 



Stock Solution 


O.ISM NaQ 


Solution densi^ 


CPl=1.123(g/m) 


(ml) 


(g/ml) 


70 


28 


1.090 


60 


40 


1.077 


SO 


47 


1.067 


40 


56 


1.056 


30 


69 


1.043 


20 


80 


1.031 



The density of the cancer cells is measured as follows: 
The cancer cell lims used were obtained from commercial sq^liers (e.g., the 
20 American Type Culmre Collection). The LNCaP, TSU, and Hq>atoma cell lines 
were cultured in RPMI 1640 with 10% FBS and 5% CO2 at 3T*C. CeUs in 5 ml of 
culuure medmm were layered on S ml of siq^e PERCOLL™ solution with a known 
densiQr and cenirifuged at 40Qxg for 20 niiimtes at room temperature. The inter£ace and 
the PERCX)LL^ sohition above any visible pellet were collected. The number of cells 
25 m this suspension were counted and used for the calculation of recovery. The data are 
presented in Table 2. 
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Table 2. Density Measuiements of Cancer Cells 



PetcoU density Recovery (%) 



LNCaP TSU Hepatoma Gj 



1.031 


10.0 


10.0 


10.0 


1.043 


20.5 


15.0 


17.0 


1.056 


25.0 


20.5 


24.0 


1.067 


76.0 


84.5 


85.0 


1.077 


76.5 


98.5 


98.0 


1.090 


76.0 


98.5 


98.0 



As can be seen in Table 2. 76% to 85% of the cancer cells are recovered using a 
gradient with a density of 1.067 g/ml. With Hepatoma Gj and TSU cells, an additional 
13% to 14% cell recovery could be obtained using gradients with a density of 1.077 
g/nU. No additional recoveiy of cells was found with LNCaP ceUs at the higher density. 

EXAMPLE 2 

TTiis example illustrates a method of separation of prostatic cancer cells using a 

single density gradimt column. 

Twenty ml of ftesh blood vwb taken in two mbes. The blood was diluted 1:2 
with phosphate buffered saline (PBS). Thirty ml of the dUuted blood containing 2.3x10* 
LNCaP ceUs (prostate cancer cells) were layered on 15 ml of a PERCOLL™ gradient 
with a density of 1.068 g/ml (Gradient I in Figure 1). The gradient column was 
centrifiiged at 4003ig for twenty minutes at room temperature. 

The cells at the interfoce between die blood plasma and the PERCOLL" medium 
were carefuUy removed to a new tube. Forty ml of PBS was added into die new tube 
and mixed. The PBS dihited cells were centrifuged at 250xg for five minutes. The 
resulting pellet was suspended in 50 *a of 0.1% bovine serum albumin (BSA) solution. 

The cell suspension thus prepared was smeared on slides as spots, each with 10 
^1 of the suspension. The slides were allowed to air-dry for two hours. The cells were 
fixed with 95% ethanol for fifteen minutes, and then with modified Camoy's fixative for 
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ten mmutes. The slide was stored in 75% ethanol at 4'*C untU used. 

The above experiment was rq)eated nine more times, each time whh a fresh 
blood sample. The average recovery of fte prostate cancer cells in the ten experiments 
was 76-86%. 

5 EXAMPLES 

This example illustrates the method of sq)aration of prostatic cancer cells using 
a higher single density gradient cohm[m. (See Figures 1 and 2A). 

The pellet from the 1.068 g/ml density gradient (Gradient I in Figure 1) of 
Example 2 was resuspended in the plasma fraction from Example 2, and layered on a 
10 higher density gradient column containing 10 ml of FICOLL^ medium having a density 
of 1 .083 g/ml (Gradient II in Figure 2A). The density gradient column was centrifuged 
at 4(X>xg for twenty minutes at room temperature. 

The cells at the interface between the blood plasma and the medium having a 
density of 1.083 g/ml were carefully ronoved with a cell transfer pip^ and placed in 
15 a new tube. Forty ml of PBS was added to the interface cells and mixed. The PBS 
dihited cells were then centrifuged at 2S0xg. The resulting pellet was suspended in 0.5 
ml of 0. 1 % by weight BSA solution. The white blood cells were counted using a light 
microscope. 

Thirty lA of mouse anti-human CD45« CD19, CD3, CD14 monoclonal antibody 
20 (Sigma Chemical Co.), respectively, and 10 fd of glycophorin A monoclonal antibody 
(Dako, Inc.) were added to the cell susprasion aiKl the tube was incubated on ice for 
thnrty minutes. The cell suspension was spin down and the supernatant was aspirated. 
The cell pellet was resuspended with 8 x 10^ magnetic beads coated with and-mouse IgG 
antibody (Dynal, Inc.) in 2 ml of PBS-BSA. The cells and beads were uicubaied at 4''C 
25 for 30 minutes while rotating tte tube at 10 rpm/minute. The cell-monoclonal antibody- 
mouse IgG-magnetic bead complexes were removed using a magnetic particle 
concentrator. The remaining cells were collected on a slide. The slide was prepared and 
the cells were fixed as described above in Example 2. 

EXAMPLE 4 
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This example illusttates the efitcieocy of the procedure described in Example 2 
for isolatmg prostate cancer cells from blood. 

Blood samples were subjected to the procedure set forth in Exanqple 1 , except that 
the centrifugation was for twenty minutes instead of thirty minutes. 
5 The total number of cells, the number of cells at the interface, the number of cells 

at the bottom of the gradient were measured, and the number of cells lost was 
determined. The data are set forth in Table 3. 

Table 3. The Efficacy of Isolation of Prostatic Cancer Cells Using a Single 
Density Gradient 

Prostatic CaiK:er Cell lines 
LNCaP PlOO TSU wt 



10 


Total Cell Counts 


2.3x10* 


1.00x10' 




Counts of Cells at Inter£3ce 


1.75x10* 


8.45x10* 




(% Recovery) 


(76%) 


(84.5%) 




Counts of Cell at Bottom 


Few cells 


1.50x10* 




(higher density cells %) 


(-1.0%) 


(15%) 


15 


Counts of Cells Lost* 


5.5x10* 


5.00x10* 




(% loss) 


(23%) 


(0.5%) 



^Includes cells that were stuck on the tube wall and that were broken 
during the separation and wash. 



EXAMPLES 

20 This exanq>le illustrates the efficiency of tte procedure illustrated in Example 3 

for isolatipg prostate cancer cells from blood. 

Blood san4>les were subjected to the procedure set forth m Exanq>le 2, except Ih^ 

die centrifugation was for twenty minutes. 

Tlie total number of cells, the number of cells at the mterface and d^ 

25 cells at the bottom of the gradient were measured, and the number of cells lost was 

d^rmined. The data are set forth m Table 4. 
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Table 4. The Efficacy of Isolation of Prostatic Cancer Cells Using a 



Secondary Density (1.083 g/ml) Gradient 





Pro^atic Cancer 


Cell Lines 




LNCaPPlOO 


TSU wt 


Total Cell Counts* 


2.3xl0» 


1.50x10* 


Counts of Cells at Interface 


1.87x10* 


1.45x10* 


(% Recovery) 


(81.3%) 


(96.6%) 


Counts of Cell at Bottom 


No detectitm 


No detection 


(higher densi^ cells %) 


(-0%) 


(-0%) 


Counts of Cells Lost** 


4.5x10* 


5.00x10* 


(% loss) 


(-18.7%) 


(-3.4%) 



10 *The cell suspension was the coUedion from the tube bottom of single gradient (1.068 
g/ml) separation. 

^^Inchides cells that were stuck on the tube wall and that were broken during the 
separation and wash. 

EXAMPLE 6 

IS This example illustrates a .metbod of culoiring cancer cells. LNCaP cells were 

counted and added into normal adult blood. The methods illustrated in Examples 2 and 
3 were used for isolation of LNCaP cells in the artificial blood. The LNCaP cells 
isolated from the artificial blood were cultured in tte growth medium RPMI 1640 
siqq>lemented with 10% serum and additional factor. The culture medium was changed 

20 evoy three days. The cultured cells diowed positive imnumostaining PSA and PSAP, 
and the number of cells in each flask increased with time in culture. 

EXAMPLE? 

This example illustrates the identification of LNCaP cells or prostatic cancer cells 
from patients blood by fluorescent in situ hybridization (FISH) with PSA-mRNA, PSMA- 
25 mRNA and chromosome centromere probes. 

Oligonucleotide probes specific for PSA-mRNA, PSMA-mRNA and the 
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centromeres of chromosomes 7 and 18 were synthesized and conjugated with fluorescent 
dyes such as fluorescein, cy3 and cy5. The probe for chromosome centromere 8 was 
from a commercial source (Vysis). 

The cancer ceUs isolated, fixed and stored by the method described in Examples 

5 I and 2 were pretreated in the sohition of 0. 1 M HCI - 0. 1 % Triton X-100 for thirty 
minutes at room temperature, and dehydrated in series grades of edianol at 75%. 85% 
and 95% for two minutes in each grade. The samples were air dried. 

The FISH "Cocktail" comprises FISH buffer which mainly includes 25% 
Formamide and 4XSS (for oUgomer probes) or 50% Formamide and IXSSC (for 

10 commercial probes). 20 ng/M PSA-mRNA probe and PSMA-mRNA probe, and 25 
Mg/ml chromosome 7. 8 and 18 centromere probes. Ten iil of FISH "Cocktail; were 
added on to each slide, under a coveislip. The samples were denatured at 80»C for ten 
minutes and incubated at 42»C for two hours. The slides were washed in IXSSC at 70» 
for ten miraites. Ten iil of antifede mounting medium containing 0.2 /tg/ml diamidino 

15 phenylindole(DAPD were used for counterstaining. After counterstaining. the samples 
were examined under a fluorescem microscope. Hie chromosome 7 centiomeies (which 
are mulUploid) exhibited green stain, and the nucleus was stained in blue with DAK. 

The chromosome 8 centromeres (which are tetraploid) exhibited yeUow stain, and 
tt» nucleus was stained in blue with DAPI. 

20 The chromosomal centromeres were counted and the data are set forth in Table 

5. 
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Table 5. Aneuploidy of Chromosome 7 and 8 in the Nuclois of LNCaP Cell 
from Culture and from Cancer Cells Isolated from Cancer Patiem's Blood 



Cell No. 


Chromosomal Centromere 7 


Cbromosomal Centromere 8 




LNCaP 


Patient 


LNCaP 


Poftp>nt 

A oUwUL 










Cancer ecu 


1 


14 


8 


14 


8 


2 


4 


ft 

o 


■f 


o 
o 


3 


7 


4 


7 


4 


4 


4 


4 


4 


4 


5 


4 


4 


3 


3 


6 


4. 


8 


4 


8 


7 


4 


8 


4 


8 


8 


5 


4 


3 


3 


9 


8 


3 


7 


4 


10 


2 


4 


3 


4 



EXAMPLES 

This example illustrates the identification of LNCaP cells or prostatic cancer cells 
from patients* blood by immunocytoctemistry stain, as well as by chromosomal 
centrom^ 7 and 8 detection. The cancer cells enriched, isolated^ fixed and stored as 
described in Examples 2 and 3 were stained by immunocytochemistry with primary 
antibodies against PSA and PAP, and secondary antibodies conjugated by .fluorescent 
dyes. After immunocytochonistry staining, ttie samples were treated by 1% 
paraformaldehyde for 10 minutes at room temperature. The paraformaldehyde treatment 
provides for post-fixation of the cancer cells before fluorescent in situ hybridization 
(FISH) as well as crosslinking the antibodies and antigens and makmg the complex more 
stable during the FISH procedures. The slides were pre-treated by the solution of 0. 1 
MHCIO.1% Triton X-100 for twenty minutes at room tenq)erature and dien dehydrated 
by 75%, 85% and 95% etiianol for two minutes in each grade. The slides were air 
dried. 
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The nSH cocktaU fluid was prepared for chromosomal centromere 7 and 8 stain. 
THe -Cocktail" comprised HSH buffer which contained 50% foimamide and 2X SSC. 
and chromosomal centromere 7 aiKl 8 DN A probes conjugated by fluorescent dyes. Tlie 

cells, covered by 10 ,i\ HSH "Cocktail" and a coverslip, were denatured at 80«C for 
Ave minutes, and incubated at 42'C for two to three hours. THe slides were washed in 
1 XSSC for ten mimites at 60»C. Ten ^1 of an antifade momiting medium contaming 
of 0.2 Mg/ml DAW were used for counterstaining. samples were examined under 

a fluorescent microscope. 

LNCaP ceUs fanmunofluorescently stained for Prostate Specific Antigen (PSA) 
exhibited green stain that represented die immunoreaction of PSA amibody in the 
cytoplssoi- 

LNCaP cells showed the immunofluorescent stain for the cell nucleus, as 

exhibited by die bhie stain (DAPI). 

LNCaP cells stained by immunocytochemistiy wifli Prostatic Specific Acidic 
Phosphatase (PSAP) antibody showed the stain in. the cytoplasm, while die blue stain 
showed die nuclwis stoned witfi DAW. 

Prostatic cells from die blood of prostatic cancer patients were stained in the 
cytoplasm (green) by immunochemistry widi PSA antibodies, and d«n stained by HSH 
with chromosome centromere 7 (bhie) and chromosome centromere 8 (red) probes m die 
nuclois. 

EXAMPLE 9 

This example iUustrates die efficiency of emiching and isolating cancer cells by 
die mediod described in Exan^les 2 and 3. 

Blood samples were reconstimted widi LNCaP ceUs at varying ratios of white 
blood cells (WBC) to LNCaP cells. The ceU recovery data set fordi in Tables 6 and 7 
confirm tiurt die cancer cells are recovenible at high recovery percentages. 

Table 6. Recovery of LNCaP Cells flxm Reconstimted Blood 

WBC:IJ4CaP ^ ^N^aP Recovenr of LNCaP. 
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Counts % 



500:1 


2.76x10' 


6.5x10* 




5.5x10* 


84.6 


1000:1 


2.76x10' 


3.2x10* 




2.7x10* 


84.6 


10000:1 


2.76x10' 


3.2x10' 




2.8x10^ 


86.2 


0:20000 (control) 0 


2.3x10* 




1.8x10* 


78.3 


Table 7. 


Recovery of prostatic canoa cells (LNCaP) in the reconstituted blood 


aainpie no. 


ijudnifcy or d looa 


WBC Counts LNCaP Cell Counts Recovery 


51-9B3329 


9.0 ml 


1.57 X 10» 


-100 


85 


85% 


51-5B3320 


9.0 ml 


1.47 X 10» 


-100 


80 


80% 


S1-OB3340 


9.0 ml 


1.78 X 10» 


-100 


97 


97% 


S1-OB3337 


9.0 ml 


1.70 X 10" 


-100 


95 


95% 


S1-0B3314 


9.0 ml 


6.64 X 10' 


-100 


82 


82% 


S1-7B3333 


9.0 ml 


1.26 X 10> 


-100 


94 


94% 


51-OB3323 


9.0 ml 


1.09 X 10" 


-100 


90 


90% 


S1-<;D3339 


9.0 ml 


7.84 X 10' 


-100 


96 


96% 


51-2B3330 


9.0 ml 


2.32 X 10^ 


-100 


75 


75% 


S1-8B3310 


9.0 ml 


1.59 X 10» 


-100 


90 


90% 


N=10 


9.0 ml 


1.42 X 10* 


-100 


88.4 


88.4% 



The LNCaP cells isolated from the leconstitiited blood had less than 1% of the 
original WBC concentratkm. The components of contamination were in the following 
order: monocytes > lymphocytes > eosinophils. The LNCaP cells isolated from the 
reconstimted blood have been found to grow in RPMI 1640 culture medium. The WBC 
contamination can be lowered by changing the culture medium after 3 days. 



EXAMPLE 10 

This example ilhistrates the identification of LNCaP cells or prostatic cancer ceils 
from patients* blood by the combination of immunocytoch»nistry stain with cytdceratin 
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monoclonal antibody. FISH with clinmiosomal centromere 7 and 18 probes, and PSMA 
mRNA probe. 

The sample is fixed with 100% acetone at room temperature for two to three 
minutes. The slides are air-dried, and stored at room temperature in a slide box. The 

5 slides are incubated in O.IM Tris washmg buffer at room temperature for ten minutes, 
and the liquid is removed from the surface of the slides. Twenty five /tl of FITC 
conjugated Anti-Cytokeratm (CAM5.2) monoclonal antibody (Becton-Dickinson, San 
Jose, CA; Cat. 347653) (1:2 dilution) is added onto the slides. The slides are incubated 
with a coverslip in a humid box at 37»C for one hour. The slides are uncovered and 

10 washed in the O.IM Tris washing buffer at room temperature for ten minutes. Theslides 

are then air-dried in a dark area. 

The 1% paraformaldehyde widi 0.1 M MgC12 is prepared and pre-cooled on ice. 
1.0 ml of the 1% parafrarmalddiyde is dropped on the sanqile area. The sanqile is fixed 
at nxMn temperature for 2-5 minutes. The fixative is removed from the surface of the 
15 slide, and tfie slide is air-dried at room tniq)erature. 

The FISH mixture (per san4>le) is pr^nued accordii^ to the following: 



FISH buffer (Oncor) 9.0 nl 






Cy3-Chromosomal centromere probe 18 


28ng 


0.5/11 


Cy3 coiyugated PSNfA-mRNA probe 


25ng 


0.5 /»1 


Cy5-PSA-mRNA probe 


25ng 


0.5 III 


Cy5-ChnMnosomal centromere probe 7 


28ng 


0.5 Ml 


Cy5-Chromosomal centromere probe 8 


28ng 


0.5 /tl 


The FISH mixture is added onto the sample area 


. The 


cov^lip is added and 



sealed with rubber cement. The sample is denatured at 85"C for seven minutes, and the 
25 slide is incubated at 42''C for two hours. The slide is washed in 1 X SSC at 60"*C for 
five minutes, and the sample is air-dried at room temperature. The sample is 
counterstained with DAW. and the sUde is examined under a fluorescent microscope. 
The results are summarized in Tsd}le 8. 
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Table 8. Detection of five prostatic cancer cell lines with cytokeratin 
immunocyiochanistry staining and fluorescent in situ hybridization (FISH) of prostatic specific 
membrane antigen (PSMA) mRNA probe and chromosomal centromere 8 and 18 probes as well 
as DAPI nucl^ staining (Percentage of positive staining). 

5 C:ancer cell line Immunocytochemistry PSMA-mRNA Chromosome 8 & 18 DAPI 



10 



LNCaP 


100% 


100% 


aneuploid (95-100%) 


100% 


TSU-PRI 


100% 


100% 


aneuploid (95-100%) 


100% 


DUMS 


100% 


100% 


aimploid (95-100%) 


100% 


PC-3 


100% 


100% 


aneuploid (95-100%) 


100% 


PPC-1 


(-) 


(-) 


aneuploid (95-100%) 


100% 



The prostatic cancer cell is stained widi Cy3 conjugated Prostatic Specific 
Membrane Antigen (PSMA) mRNA probe in die cytoplasm. The cell shows four 
greenish chromosomal centromere 7 signals in die nucleus stained by human 7 
ctaromosomal centromere probe coqug:^ by fluorescein. The nucleus is stained widi 
IS bhieDAPI. 

Another prostatic cancer cell has greenish cytokeratin stain in die cytoplasm and 
chromosonie 8 autopolyplotdy signals (four red spots) in the nucleus stained by DAPI. 
A white blood cell exhibits a blue nucleus with two chromosomal 8 signals (the normal 
chromosonoal mimber). 
20 EXAMPLE 11 

This example ilhistrates tte successful isolation and identification of prostate 
cancer cells from the blood of advanced prostate cancer patients by using the procedure 
m Example 2. 

The patient number, the volume of blood samples collected, and the number of 
25 prostate cancer cells isolated, axe set forth m Table 9. 



37 



wo 97/38313 



PC:t/US97/0S586 



Table 9. Collection of Prostatic Cancer Cells fromi the Blood of Advanced 
CaiKer Patients 



t^aucui nv^ 


Blood Quantiv (ml) 


Prostatic Cancer Cells 
(counts) 


PC253 


10 


200 


PC254 


20 


140 


PC255 


27 


260 


PC256 


9 


6 


PC257 


27 


90 


PC258 


IS 


*HI 


PC259 


27 


IHO UCiCvUUIl 


PC260 


22 


Fail to .^in 


PC261* 


15 


No detection 


PC262* 


15 


No detection 


PC263 


7.5 


No detection 


PC264 


16 


No detection 


PC265 


9 


20 


•Control sami 


}le &om notinal adult blood 





EXAMPLE 12 

20 This example ilbistiates the successful isolation and identification (see tbe 

procedure in example 10) of prostate caitf:er cells from the blood of advanced prostate 
cancer patients. 

In experimem I, the paraUel study, die saine sample was aliquoled into 
parts and processed by same procedure. The patient number, the vohmie of blood 
25 sample collected, and the number of prostate cancer cells isolated, are set forth in table 
10. The conclusion of the parallel smdy is that the isolation procedure is reproducible. 

In experimem n. die storage stody. die same sainplc was aliquoted into 
parts and processed by same procedure. The samples in the Group A were processed 
within 24 hours and the samples in the Group B were processed after 72 hours storage 
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at 4*C. The patient number, tbe volume of blood sample collected, and the numbn of 
prostate cancer cells isolated, are set forth in table 1 1 . The conchision fitom the storage 
study is that cancer cells were generally not preserved after 72 hours storage. Intheone 
case wherein the cells were preserved after 72 hours storage, the cancer cells are smaller 
5 in size (approximately die size of monocytes), but with very typical and very intensive 
cytokeratonal system staining in the cytoplaan. 

Table 10 Detection of Prostatic Cancer ceils From Blood of Advanced Cancer Padents 





Expaimmt I: 
















Series 


Age 


PSA Quant. Bid. 






Total No. 


10 


No. 
















n 


58 


19.9 


20 


3 


A 


7 




n 


58 


81.1 


18 


2 




< 




#3 


72 


76.0 


18 


5 


4 


o 




#4 


66 


44.9 


15 


2 


1 
Z 


A 
*f 


IS 


95 


69 


<0.1 


20 


i 


-5 
Z 






ff6 


? 


18.6 


18 


z 




4 




#7 


63 


388.2 


20 




-a 






#8 


78 


212.6 


20 


D 


A 


10 




#9 


74 


379.1 


20 


1 
1 


< 


16 


7ft 












1 cluster 


2 duster 




#10 


o7 


61.7 


20 


2 


1 
1 


3 




#11 


71 


182.6 


20 


1 


1 


2 




#12 


42 


4.4 


20 


0 


0 


0 




#13 


53 


85.7 


20 


8 


7 


15 


25 


#14 


59 


37.7 


20 


0 


0 


0 




#15 


59 


6.1 


20 


0 


0 


0 




#16 


58 


337.3 


15 


5 


5 


10 




#17 


67 


14.69 


20 


0 


1 


1 




#18 


81 


17.5 


20 


11 


12 


23 


30 


#19 


72 


9.7 


20 


0 


0 


0 




#20 


81 


61 


20 


1 


2 


3 




#21 


54 


43 


20 


3 


4 


7 




#22 


61 


<0.1 


18 


0 


0 


0 




#23 


69 


1.15 


20 


0 


0 


0 


35 


#24 


61 


44.3 


18 


0 


0 


0 




#25 


61 


25.1 


16 


1 


1 


2 




* The same Bunpl 


« wualiquati 


Bd into two equal pans and prooesMd ly SB 


me prooeduie. 
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Table 11 Detection of Prostatic Cancer Cells From Blood of Advanced Cancer Patients 
Experiment II: 



Series 
No. 


Age 


PSA Quant. Bid. 
(U/L) (ml) 


Cancer cells 
Group A Group B 


Total No. 


m 


81 


100 


16 


12 


12 


24** 


#26 


58 


44 


20 


0 


0 


0 


#27 




? 


15 


0 


0 


0 


«l 


58 


52.6 


20 


2 


0 


2 


n 


68.3 


72 


20 


3 


0 


3 


m 


63 


381.5 


20 


2 


0 


2 


#13 


53 


26.2 


20 


4 


0 


4 


#16 


58 


23.2 


20 


0 


0 


0 


#25 


61 


24.1 


20 


2 


0 


2 


#27 


58 


14.6 


20 


1 


0 


I ' 



15 The cancer cdls are smaller in size (appraximately the size of imnocyces), but wtih vwy typical and veiy mteosive 

staining cytokeratonal system in the cytoplasm. 

EXAMPLE 13 

This example illustrates a method of separation of prostatic cancer cells using a 
single density gradimt column. 
20 Blood samples were subjected to the procedure as set forth in Example 2, except 

that the cenirifugaiion of the gradient cohmm with a density of 1 .068 g/col was carried 
outat400xgfor 30inimitesatroomtOTipcranire. ntfhCTthaiifbr20ni^^ Thcslides 

were prepared as described in Example 2. 

The experiment was repeated nine naore times, each time witfi a fresh blood 
25 sample. The average recovery of the pn)State cancer cells in the ten experiments is 70- 

80%. 

EXAMPLE 14 

This exan^ile illustrates a method of separation of prostatic cancer cells using a 
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double dosity gradient cohmin. 

The pellet from the density gradient of Example 13 is resuspended in the plasma 
fraction from Example 13, and layered on a double density gradient column containing 
10 ml of FICOLL"' medium having a density of 1.083 g/ml and 5 ml of FICOLL™ 
5 medium haviqg a density of 1 .077 g/ml. The suspension is layered onto the column so 
that it is in contact with the medium of lower density, which in turn is in contact with 
the higher density medium. Thus, using the left side of Figure 2B for reference. 
Gradient m has a density of 1.077 g/ml, and Gradient n has a density of 1.083 g/ml. 
The density gradient cohmm is c^itrifuged at 400xg for 30 minutes at room temperature. 

10 Using the right side of Figure 2B for reference, the cells at the interface 

(Interface n between the blood plasma and the Gradient II and m) were carefully 
removed with a cell transfer pipette and placed in a new tube. Forty ml of PBS was also 
added to the new tube BDd mixed. The PBS diluted cells were then centrifuged at 250xg. 
the resulting pellet was suqsended in 2 ml of 0.1 wt.% BSA sohition. The white blood 

IS cells were counted using a light microscq)e. 

CIMS-Dynalbeads were added to the above cell suspension (about 3 beads per 1 
WBC were used). The cell suspension was incubated with die Dynalbeads for 30 
minutes at 4^C with g&a&e shaking. The tube containing the cells and the beads was 
placed in a magnetic particle concentrator (Dynal Coxp.) and die cells m suq)ension were 

20 pipetted into a new tube leaving die beads and attached blood cells held in place in the 
tube by the magnetic particle concentrator. 

The cell suq)ension was centrifuged at 2S0xg. The pellet obtained was 
resuq)ended in 30 fiL of 1 wt.% BSA sohition. The cell suspension thus prepared was 
smeared on slides as spots, each with 10 fiLof the suspensicm. Tte slides were allowed 

25 to air dry for two hours. Tlie ceDs w«re fixed with 95% ethanol for 10-15 minutes, and 
then with modified Camoy*s fixative. 

EXAMPLE 15 

This example illustrates die efBcicKy of the procedure illustrated in Example 13 
for isolating prostate cancer cells from blood. 
30 Blood sanq)les are subjected to die procedure set forth in Example 14, except that 
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centrifugation of the double density giadiem column is perfonned for 20 minutes instead 
of 30 minutes. 

The total number of cells, the number of cells at the raterfece, the number of ccUs 
at the bottom, and the number of cells lost ate measured. The data are set forth in Table 
12. 

Table 12. Isolation of prostatic cancer ceUs using a double density gradient. 

Prostatic Cancer Cell Lines 
LNCaP PICO TSU wt 



% cdls at inmface* 


-1% 


14.5% 


% cells at die bottom* 


0 


-1% 


% cells lost 


0 


0 



-This cohmm contains cancer ceUs tiiat 'leaked" fiom die 1.068 g/ml gradient cohmm. 

EXAMPLE 16 

This example Ulu^trates die enrichment of prostatic cancer cells using a double 

density gradient column. 

Twenty ml of ftesh blood is taken into two tubes. The blood is diluted 1:2 PBS. 
Thirty ml of the dihited blood is Uycred on top of a double density gradient column 
whk* has an upper layer of 10 ml of 1 .068 g/ml Histopaque- (Sigma Chemical Co.) ^ 

a lower layer of 10 ml of 1.083 g/ml Histopaque" as iUustrated in die left side of Figure 
3. The cohmm is centrifiiged at 400xg for 30 minutes at room temperature to form 6 

layers as diown in the right side of Figure 3. 

After cemrifogation. Interfece I and Giadiem 1 are caiefiilty removed and placed 
in anodier oibe. and Interfece n and Gradient n are also carcfidty removed and pl^ 

in yet another tube. 

Forty ml of PBS is added to die tobe containing the Interface I and Gradient I. 
andmixed. TTie PBS dUuted cells are centrifiiged at 250xg for 5 minutes. Theiesultam 
peUet is suspended in 50 m1 of 1% BSA sototion to form a cell suspension d»t is 
smeared on a slide as a spot. The slide is air dried for at least two hours. Thecellsare 
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fixed with 95 % cthanol for 15 mimitcs, and then with modified Camay's fixative for 10 
minutes. The slide is stored m 75% cthanol at 4*C mitil used. 

As noted above, Interfece D and Gradient n are also carefuUy removed to a new 
tube. Forty ml of PBS is added to the new tube and mixed. The PBS dUuted cells are 
centrifuged at 250xg for 5 minutes. The resultant pellet is suspended in 2 ml of 1% 
BSA sohition. CIMS-Dynalbeads are added to the cell suspension (about 3-10 beads per 
white blood cell (laikocyte)). and the suspension was mcubated with the Dynalbeads for 
30 minutes at 4**C with gentle rotation. 

The tube containing the cells and beads is placed on a Dynal magnetic 
concentrator. The concentrator is operated to attract the beads and attached blood cells 

to the wall of the tube. 

The susprasion containing the cancer cells is pipetted into another tube. Slides 
are prepared as described above. 

EXAMPLE 17 

This exan^le illustrates the efficient of the piocedure described In example 16 
for isolating prostatic cancer cells from blood. The procedure described in Example 16 
is repeated nine more times, each tfane with a ftesh blood sample containh« LNCaP 
cells. The average recovery of the prostatic cancer cells from Interfece 1 and Gradient 
I is about 70-80%. The average recovery of Ihe prostatic cancer cells ftom Interface n 
and Gradient II is about 5-10%. 

All of the nucleic acid sequences listed in this q>plication are set fortti in the 5*-3* 
configuration. 

All of the refnences cited herein inchiding patents and [niblications are hetdoy 
incorporated in their entireties by reference. 

While the invention has been described and disclosed herein in connection with 
certain preferred embodiments and procedures, it is not intended to Ifanit the invention 
to those specific embodiments. Rather it is intended to cover all such alternative 
embodimrats and modifications as fall witfam the spirit and scop& of the invention. 
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SEQUEMCB LZSTmO 



(1) OBNERAL INFORMATION: 

<i) APPLICANT: Ts'o, Paul CP. 

Wang, Zheng-Pin 
LesXo, Stephen A. 
Nelson, William 6. 
Part in, Alan W. 

(ii) TITLE OF INVENTION: A HEITOD OF ENRICHING RARE CELLS 

(iii) NUMBER OF SEOOBNCBS: 10 

Civ) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Leydig, Voit & Mayer » Ltd. 

(B) STREET: 700 Thirteenth St., NW 

(C) CITY: Washington 

(D) STATE: DC 
(B) COUNTRY: US 
(F) ZIP: 20005 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy diaJt 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS -DOS 

(D) SOFTWARE: PatentIn Release #1.0, Version #1.30 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: NO 

(B) FILING DATE: 

(C) CLASSIFICATION: 

Cvii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: US 60-014929 

(B) PILING DATE: 05-APR-1996 . 

(C) CLASSIFICATION: 

(viii) ATTORNEY/AGENT INFORMATION: 

(A) NAME: Jay, Jeremy M. 

(B) REGISTRATION NUM BER; 33587 

(C) REFBRENCB/IX)CXET NUMBER: 73378 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPBONB: 202-737-6770 

(B) TELEFAX: 202-737-6776 

(2) INFCaiMATION FOR SBQ ID NO. 1: 

(i) SEQUENCE CHARACTERISTICS: 
' (A) LENGTH: 72 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNBSS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other nucleic acid (synthetic DNA) 

(xi) SEQUENCE DESCRIPTION: SBQ ID 190. 1: 
TGGCTGTGCG CTGGGGOGCT GOTGCTGGOG GGTG(3CTTCT TTCTCCTCGG CTTCCTCTTC 
GGK3TGGTTTA TA 

(2) INFORMATION FOR SBQ ID NO. 2: 

(i) SBQDBNCB CBARACTBRISTICS : 

(A) LENGTH: 50 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNBSS: single 

(D) TOPOLOGY: linear 



60 
72 
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(ii) MOLBCDLB TYPE: other nucleic acid (synchetic WA) 

(Xi) SBQIIBNCE DESCRIPTION: SEQ ID NO. 2: 

AGTGTCTATG AMCATATGH OTTGGTGGAA AAGTTTIATG ATCCAAtGTT 50 

(2) INFORMATION FOR SEQ ID NO. 3: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 60 base pairs 
<B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOOY: linear 

(ii) MOXiECOLB TYPE: Other nucleic acid (synthetic DNA) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO. 3: 
GGTCCTCACA GCTGCCCACT GCATCAGGAA CAAAA6C0TG ATCTTGCTQO GTOGGCACAG 60 
(2) INFORMATION FOR SEQ ID NO. 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LBNOTB: 60 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid (synthetic DNA) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO. 4: 
CGCTGGACAG GGGGCAAAA6 CACCTGCTCO GGTGATTCTG GGGGCCCACT TGTCTGTAAT 60 
(2) INFORMATION FOR SEQ ID NO. 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 50 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Nucleic acid (synthetic DNA) 

(xi) SEQX7ENCE DESCRIPTION: SEQ ID NO. 5: 
GCTGT6GCAT TTTCAGGT8G AGATTTCAAG CGATTTGAGG ACAATTGCAG 50 
(2) INFORMATION FOR SEQ ID NO. 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 50 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) T0PQLCX3Y: linear 

(ii) MOLECULE TYPE: Other nucleic acid {synthetic SNA) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO. 6: 
GT6TTTGAGC TAOCCAATTC CAXAOTGCTC CCTTTTGATT GTOGAOATTA 50 
(2) INFORMATICni FOR SEQ ID NO. 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 60 base pairs 

(B) TYPE: nucleic acid 

(C) snUOiDEDNBSS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other nucleic acid (synthetic DNA) 
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(xi) SBQUBNCB DBSCRIPTIC»7: SEQ ID NO. 7: 
XCTTCCTCAC CCTCTCCOTO AC0T6GATT0 GT6CTGCACC CCTCATCCTO TCTOGOATTO 
(2> IHFORMATIOM FOR SEQ ID HO. B: 

(i) SBQUBNCE CHARACTERISTICS: 

(A) LENGTH: 60 baae pairs 

(B) TYPE: nucleic acid 

(C) STRANDSDNBSS : single 

(D) TOPOIiOGy: linear 

Cii) MOLECOLB TYPE: Other nucleic acid (synthetic DNA> 

(xi) SECaiOBNCB DESCRIPTION: SEQ ID NO* 8: 
CAGGCTCG<3G CAGCATTOAA CCAGAGGAGT TCTTOACCCC AAAGAAACTT CAOTOTGTGG 
(2) INFORMATION FOR SEQ ID NO. 9: 

(i> SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLBCOLE TYPE: Other nucleic acid (synthetic DMA) 

(X) PUBLICATION INFORMATION: 

(A) AUTHORS: Meyne, Julianne 

Moyzis, Robert K, 

(B) TITLE: In Sltu Hybridization Protocols 

(C) JOORHAL: Meth. in Mol. Biol. 

(D) VOLUME: 33 

(F) PAGES: 63-74 

(G) DATE: 1994 

(xi) SEQUENCE DESCRXPTIOli: SEQ ID NO. 9: 
GXACTCACAC TAAGAGAATT GAACCACOGT 
(2) INFORMATION FOR SSQ ID NO. 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 42 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDBCaiBSS: single 

(D) T0P0L0(3Y: linear 

(ii) MOLECULE TYPE: other nucleic acid (synthetic DMA) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO. 10: 
ATGTGTGTAC TCACACTAAG AGAATTQAAC CACCOTTTTO AA 
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1. A method for emicbing lare non-blood cells in a fluid sanq>le comprising rare 
non-blood cells and non-rare cells, wherein the ratio of the rare non-blood cells to the 
non-rare cells is at least about 1:100,000, comprising: 

(a) obtaimng the fluid sample comprising rare non-blood cells and non-rare 

cells; 

(b) subjecting the fluid sampte to densi^ gradient separation and producing a 
first fluid (I) conq>rising an increased conoratration of rare non-blood cells, and a 
second fluid (II) comprising an increased concentration of rare non-blood cells; 

(c) subjectmg at least one of said first fluid (I) and said second fluid (II) to a 
binding agent that binds non-rare cells; 

(d) removing the bound non-rare cells from the first fluid (L) and/or the second 
fluid (II) to provide a first fluid (la) enriched with rare non-blood cells and/or a 
second fluid (Da) enriched with rare non-blood cells. 

2. The method of claim 1, comprising subjecting the second fluid (II) to an agent 
that binds non-rare cells; rraioving the bound non-rare cells from the second fluid (II) 
to provide a second fluid (Ila) enriched with rare non-blood cells; said method further 
comprising: 

combining the second fluid (Ila) enriched with rare non-blood cells with die 
first fhiid (I) comprising an inaeased concentraticm of rare non-blood cells to form a 
third fluid QJJ) enriched with rare non-blood cdls. 

3. The method of claim 1, conqmsing increasing by at lea^ about 100-fold the 
concotration of die rare non-blood cells m ttie first fluid (la) enriched with rare 
non-blood cells and/or the second fluid (Ila) enriched with rare non-blood cells 
compared to the concentration of the rare non-blood cells to the non-rare cells in tte 
fluid sanq)le. 

4. The method of any one of claims 1-3, wherein said rare non-blood cells are 
alive durii^ the course of said medKxi. 
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5. The method of claim 1« wherein said rare non-blood cells are epithelial cells. 



6. The method of claim S» wherein said epithelial cells are cancer cells. 

7. The method of claim 6» wherein said q[)ithelial cells are prostate cancer cells. 

8. The method of claun 7, furtter conq>rising characterizing the prostate cells 
using at least one prostate-specific marker expressed by the prostate cells. 

9. The method of claim 8, comprising detecting at least one of a prostate-specific 
antigen and a prostate-specific membrane antigm. 

10. The method of claim 5, further comprising characterizing the prostate cells 
using a cytokeratin protein marker expressed by the prostate cells. 

11. The method of clahn 9, wherein at least one of the prostate-specific antigen 
and the prostate-specific membrane antigen is detected using a nucleic acid probe that 
specifically binds to the mRNA of said antigen. 

12. The m^od of claim 11, wherem said probe is selected from the group 
consisting of SEQ. ID. Nos. 1, 2, and 6. 

13. The method of claim 11, wherein said probe is selected fiom the group 
consisting of SEQ. ID. Nos. 3, 4, 7, and 8. 

14. The method of clahn 9, wherein at least one of die prostate-^ecific antigm 
and the prostate-specific monbrane antigen is detected using an antibody that 
specifically binds to said antigen. 

15. The method of claim 6 or claim 7, further con^msing characteridng ploidy 
state of the epithelial cell using at least one centromere specific maricer. 
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16. The method of claim IS, whmin the centromere specific maricer comprises a 
micleic acid piobe that specifically binds to a complementary sequoce of the 
centromeTe DNA. 

17. The method of claun 16, wherein said probe comprises SEQ. ID. No. 5. 

18. The method of clahn 16, wherein said probe comprises SEQ. ID. No. 10. 

19. The method of daun 1, whorein said bmding agent comprises an antibody. 

20. The method of claim 19, wherein said binding agent comprises at least two 
primary antibodies from animals that are capable of binding to different non-rare cell 
antigens. 

21. The method of claim 19, wherein said binding agent comprises a primary 
antibody from an aninud that binds to a non-rare cell, ami a secondary anti-antibody 
from another ^)ecies than the primary antibody, wherein said secondary anti-antibody 
bmds to the primary andbody. 

22. Tte method of claim 20, wherein the at least two primary antibodies are 
capable of binding to human non-rare cell antigens, and tbc binding agent further 
comprises secondary antibodies capable of binding to the two primary antibodies, 
wherein the primary antibodies are from a different species than the secondary 
antibodies. 

23. A method for enriching prostate cancer cells in a blood sample conqirising: 

(a) obtaining the blood saniple comprising prostate cancer cells; 

(b) subjecting the blood sanq>le to density gradient separation and produciqg a 
first fluid comprising an increased concentration of prostate cancer cells of a first 
density, and a second fhiid comprismg an increased concentration of prostate cancer 
cells of a second density, wherein the second density is greater than the first density; 

(c) subjectiqg ^d second fhiid to a binding agent that binds white blood cells 
and/or red blood cells; 
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(d) lemoving the bound white and/or red blood cells from the second fluid to 
provide a second fluid enriched with the greater denshy prostate cancer cells. 

24. The method of claim 23, wherein subjecting the blood sample to density 
gradient separation comprises using at least one density gradient medhmi having a 
density of no less than about 1 .06 g/ml. 

25. The method of claim 24, including subjecting the blood sample to 
centrifugation with a density gradient medhmi of no less than about 1.06 g/ml and 
producing a first plasma layer, a first interface layer, a first gradient layer, and a first 
cell pellet; 

and wherein producing the second fluid comprising an increased concentration 
of prostate cancer cells of a second density includes combining the first plasma layer 
and the first cell pellet and forming a suspension, said method furtiier comprising 

subjecting the suspension to centrifiigation with a density gradient includmg at 
least one density gradient medium having a drasity of no less than about 1.07 g/ml. 

26. A m^faod for enrichmg rare non-blood cells in a fluid sample comprising rare 
non-blood cells and non-rare ceUs, wherein the ratio of the rare non-blood cells to the 
non-raie celk is at least about 1:100,000, comprising: 

(a) obtainmg the fluid sample comprising rare murblood cells and non-rare 

cells; 

(b) subjectmg the fluid sample to density gradirat sq>aration and producing a 
fluid comprising an increased concentration of rare ncm-blood cells; 

(c) subjecting the fluid comprising an increased concentration of rare 
non-blood cells to a binding agent that binds non-rare cells; 

(d) removing the bound non-rare cells from the fluid to provide a fluid 
enriched with rare non-blood cells. 

27. A mettiod of detecting rare non-blood cells in a fluid comprising rare 
non-blood cells and non-rare cells, which method comprises providing a fluid 
enriched witii rare non-blood cells by the method of claim 1 or claim 26, and 
analyzing said fluid to detect said rare non-blood cells. 
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28. A method of detecting prostate cancer ceUs comprising providing a fluid 
enriched with prostate cancer cells by the method of claim 7. and analyzing said fluid 
to detect die prostate cancer ceUs. 

29. Themethodof daim 1 or26, fiirthwcomiwisingdetenmning die numberof 
chromosomes in the rare non-blood cells. 

30. The medwd of claim 7 or 23, further comprising deterniining die number of 
chromosomes in die prostate cancer cells. 

31 . The mediod of clann 29, including deteiminnig die presence of aneuploidy in 
the rare non-blood cells. 

32. The mediod of claim 3 or claim 26, comprising increasing by at least about 
15 500-fold die concentration of die rare non4>lood cells compared to die concentration 

of die rare non-blood cells to d» non-rare cells in die fluid saii4>le. 

33. The mediod of claim 6, vrtierein die caiKer cells are human liver cells, 
hepatoma cells, or hqntocarcinoma cells. 

20 

34. The m^hod of chum 6. DiAieiein said fhiid is a human bodily fhiid. 

35. The mediod of claim 32, wherein said fluid is blood. 

25 36. A mediod for enriching cancer cells in a blood sanqile conqirising: 

(a) obtainmg die blood sample conqirising cancer cdls; 

(b) subjecdng die blood sanqple to deoaty gradiem separation and producmg a 
first fluid comprising an increased conceotration of cancer cells of a first densiQr. and 
a second fluid conqirising an increased concentration of cancer cells of a second 

30 doisi^, wherein die second dmsity is greater than the first densiQr; 

(c) subjectiiig said second fhiid to a binding agent that binds white blood cdls 
and/or red blood cells; 
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(d) removing the bound white and/or red blood cells from the second fluid to 
provide a second fluid enriched with the greater density cancer cells. 



37. The method of claim 36 comprising subjecting the second fluid comprising an 
increased concentration of cancer cells of a second density to a binding agent that 
binds white blood cells and red blood cells, and removing the bound white blood cells 
and bound red blood cells from the second fluid to provide a second fluid enriched 
with the greater densi^ cancer cells. 

38. The method of claim 4, wherein said rare non-blood cells are cancer cells. 

39. Tte method of any one of claim 1, 23. or 26. wherein said rare non-blood 
cells are cancer cells. 

•i 

40. The method of claim 23 or 26, wherem the cells are alive during the course of 
said method. 

41. A m^hod for enridiing rare cells in a fluid sample comprising rare cells and 
non-rare cells, comprising: 

(a) obtaniing the sanqple comprisiog rare cells and non-rare cells; 

(b) subjecdng die fluid sample to density gradirat sqiaration and producing a 
fluid havii^ an increased concenliation of rare cells; 

(c) subjecting the fluid having an mcieased concentration of rare cells to a 
binding agent that binds nornrare cells; 

(d) removing die bound non-rare cells fnmi the fluid to provide a fluid 
Mriched with rare cells. 

42. The method of claim 41, wherein the rare cells are alive during the course of 
said method. 

43. The method of claim 41 or 42. wherein the rare cells comprise cancer cells. 



52 



wo 97/38313 



PCT/US97/05586 



44. The method of claim 41 or 42» wherein the rate cells comprise non-blood 
ceUs» and the non-rare cells conq)rise blood cells. 

45. The method of clann 41 or 42» wherein the non-rare cells con^nise blood 
cells. 

46. The mediod of claim 45, wherein the blood cells conqirise leukocytes and red 
blood cells. 

47. A rare non-blood cell enriched fluid prepared in accordance with any one of 
claims 1, 23« or 27. 
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